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RULES. 

ADOPTED  MAY,  1873.    AMENDED  MAY,  1875,  MAY,  1877,  AND  MAY,  1878. 


I. 

OBJECTS. 


The  objects  of  the  American  Ixstitute  of  Mining  Engineers  are  to  pro- 
mote the  Arts  and  Sciences  connected  with  the  economical  production  of  the 
useful  minerals  and  metals,  and  the  welfare  of  those  employed  in  these  industries, 
by  means  of  meetings  for  social  intercourse,  and  the  reading  and  discussion  of 
professional  papers,  and  to  circulate,  by  means  of  publications  among  its  members 
and  associates,  the  information  thus  obtained. 


II. 

MEMBEBSHIF. 

The  Institute  shall  consist  of  Members,  Honorary  Members,  and  Associates. 
Members  and  Honorary  Members  shall  be  professional  mining  engineers,  geol- 
ogists, metallurgists,  or  chemists,  or  persons  practically  engaged  in  mining, 
metallurgy,  or  metallurgical  engineering.  Associates  shall  include  all  suitable 
persons  desirous  of  being  connected  with  the  Institute  and  duly  elected  as  here- 
inafter provided.  Each  person  desirous  of  becoming  a  member  or  associate  shall 
be  proposed  by  at  least  three  members  or  associates,  approved  by  the  Council, 
and  elected  by  ballot  at  a  regular  meeting  upon  receiving  three-fourths  of  the 
votes  cast,  and  shall  become  a  member  or  associate  on  the  payment  of  his  first 
dues.  Each  person  proposed  as  an  honorary  member  shall  be  recommended  by 
at  least  ten  members  or  associates,  approved  by  the  Council  and  elected  by  ballot 
at  a  regular  meeting  on  receiving  nine-tenths  of  the  votes  cast ;  Provided,  that 
the  number  of  honorary  members  shall  not  exceed  twenty.  The  Council  may  at 
any  time  change  the  classification  of  a  person  elected  as  associate,  so  as  to  make 
him  a  member,  or  vice  versd,  subject  to  the  approval  of  the  Institute.  All  mem- 
bers and  associates  shall  be  equally  entitled  to  the  privileges  of  membership; 
Provided,  that  honorary  members,  and  members  and  associates  permanently 
residing  in  foreign  countries,  shall  not  be  entitled  to  vote  or  to  be  members  of  the 
Council. 
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Any  member  or  associate  maj'  be  stricken  from  the  list  on  recommendation  of 
the  Council,  by  the  vote  of  three-fourths  of  the  members  and  associates  present 
at  any  annual  meeting,  due  notice  having  been  mailed  in  writing  by  the  Secre- 
tary to  the  said  member  or  associate. 


III. 
DUES. 

The  dues  of  members  and  associates  shall  be  ton  dollars  per  annum,  payable 
in  advance  at  the  annual  meeting  ;  Provided,  that  persons  elected  at  the  meeting 
following  the  annual  meeting  shall  pay  eight  dollars,  and  persons  elected  at  the 
meeting  preceding  theannnal  meeting  shall  pay  four  dollars  as  dues  for  the  current 
year;  and  members  and  associates  permanently  residing  in  foreign  countries,  ex- 
cepting Canada,  shall  be  liable  to  such  annual  or  other  payments  only  as  the 
Council  may  impose,  to  cover  the  cost  of  supplying  them  with  publications. 
Honorary  members  shall  not  be  liable  to  dues.  Any  member  or  associate  may 
become,  by  the  payment  of  one  hundred  dollars  at  any  one  time,  a  life  member 
or  associate,  and  shall  not  be  liable  thereafter  to  annual  dues.  Any  member  or 
associate  in  arrears  may  at  the  discretion  of  the  Council  be  deprived  of  the  receipt 
of  publications,  or  stricken  from  the  list  of  members  when  in  arrears  for  one 
year  ;  Provided,  that  he  may  be  restored  to  membership  by  the  Council  on  pay- 
ment of  all  arrears,  or  by  re-election  after  an  interval  of  three  years. 

IV. 

OFFICERS. 

The  afifairs  of  the  Institute  shall  be  managed  by  a  Council,  consisting  of  a 
President,  six  Vice-Presidents,  nine  Managers,  a  Secretary  and  a  Treasurer,  who 
shall  be  elected  from  among  the  members  and  associates  of  the  Institute  at  the 
annual  meetings,  to  hold  office  as  follows : 

The  President,  the  Secretary,  and  the  Treasurer  for  one  year  (and  no  person 
shall  be  eligible  for  immediate  re-election  as  President  who  shall  have  held  that 
oflBce  subsequent  to  the  adoption  of  these  rules,  for  two  consecutive  years),  the 
Vice-Presidents  for  two  years,  and  the  Managers  for  three  years;  and  no  Vice- 
President  or  Manager  shall  be  eligible  for  immediate  re-election  to  the  same  oflBce 
at  the  expiration  of  the  term  for  which  he  was  elected.  At  each  annual  meeting 
a  President,  three  Vice-Presidents,  three  Managers,  a  Secretary  and  a  Treasurer 
shall  be  elected,  and  the  term  of  office  shall  continue  until  the  adjournment  of 
the  meeting  at  which  their  successors  are  elected. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  offices,  or  may 
be  delegated  to  them  by  the  Council  or  the  Institute ;  and  the  Council  may  in 
its  discretion  require  bonds  to  be  given  by  the  Treasurer.  At  each  annual  meet- 
ing the  Council  shall  make  a  report  of  proceedings  to  the  Institute  together  with 
a  financial  statement. 

Vacancies  in  the  Council  may  occur  by  death  or  resignation  ;  or  the  Council 
may  by  vote  of  a  majority  of  all  its  members  declare  the  place  of  any  officer 
vacant,  on  his  failure  for  one  year,  from  inability  or  otherwise,  to  attend  the 
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Council  meetings  or  perform  the  duties  of  his  office.  All  vacancies  shall  he  filled 
by  the  appointment  of  tlie  Council,  and  any  person  so  appointed  shall  hold  office 
for  the  remainder  of  the  term  for  which  his  predecessor  was  elected  or  appointed  ; 
Provided,  that  the  said  appointment  shall  not  render  him  ineligible  at  the  next 
annual  meeting. 

Five  members  of  the  Council  shall  constitute  a  quorum  ;  but  the  Council  may 
appoint  an  Executive  Committee,  or  business  may  be  transacted  at  a  regularly 
called  meeting  of  the  Council,  at  which  less  than  a  quorum  is  present,  subject  to 
the  approval  of  a  majority  of  the  Council,  subsequently  given  in  writing  to  the 
Secretary,  and  recorded  by  him  with  the  minutes. 


ELECTIONS. 

The  annual  election  shall  be  conducted  as  follows  :  Nominations  may  be  sent 
in  writing  to  the  Secretary,  accompanied  with  the  names  of  the  proposers,  at 
any  time  not  less  than  thirty  days  before  the  annual  meeting;  and  the  Secretary 
shall,  not  less  than  two  weeks  before  the  said  meeting,  mail  to  every  member  or 
associate  (except  honorary  members,  or  foreign  members  or  associates),  a  list  of 
all  the  nominations  for  each  office  so  received,  stamped  with  the  seal  of  the  In- 
stitute, together  with  a  copy  of  this  rule,  and  the  names  of  the  persons  ineligible 
for  election  to  each  office.  And  each  member  or  associate,  qualified  to  vote,  may 
vote,  either  by  striking  from  or  adding  to  the  names  of  the  said  list,  leaving 
names  not  exceeding  in  number  the  officers  to  be  elected,  or  by  preparing  a  new 
list,  signing  said  altered  or  prepared  ballot  with  his  name,  and  either  mailing  it 
to  the  Secretary,  or  presenting  it  in  person  at  the  annual  meeting :  Provided,  that 
no  member  or  associate,  in  arrears  since  the  last  annual  meeting,  shall  be  allowed 
to  vote  until  the  said  arrears  shall  have  been  paid.  The  ballots  shall  be  received 
and  examined  by  three  Scrutineers,  appointed  at  the  annual  meeting  by  the  pre- 
siding officer;  and  the  persons  who  shall  have  received  the  greatest  number  of 
votes  for  the  several  offices,  shall  be  declared  elected,  and  the  Scrutineers  shall 
so  report  to  the  presiding  officer.  The  ballots  shall  be  destroyed,  and  a  list  of 
the  elected  officers,  certified  by  the  Scrutineers,  shall  be  preserved  by  the  Sec- 
retary. 

VI. 

MEETINGS 

The  annual  meeting  of  the  Institute  shall  ta«e  place  on  the  third  Tuesday  of 
February,  at  which  a  report  of  the  proceedings  of  the  Institute,  and  an  abstract 
of  the  accounts,  shall  be  furnished  by  the  Council.  Two  other  regular  meetings 
of  the  Institute,  shall  be  held  in  each  year,  at  such  times  and  places  as  the  Coun- 
cil shall  select.  Special  meetings  may  be  called  whenever  the  Council  see"  fit; 
and  the  Secretary  shall  call  a  special  meeting  on  a  requisition  signed  by  fifteen  or 
more  members.  The  notices  for  special  meetings  shall  state  the  business  to  be 
transacted,  and  no  other  shall  be  entertained.  All  notices  may  be  given  by 
circular,  mailed  to  members  and  associates,  or  through  the  Bulletin,  publisi.ed 
in  the  regular  organ  of  the  Institute,  at  the  discretion  of  the  Council 


The  Institute  met  on  Wednesday  evening,  May  22d,  in  the  parlor 
of  the  Stanton  House,  Dr.  T.  Sterry  Hunt,  President,  in  the  chair. 

The  President  delivered  an  introductory  address  on  the  Brown 
Hematite  Deposits  of  the  Great  Valley,  after  which  the  following 
papers  were  read  and  discussed : 

Note  on  the  Result  of  an  Experiment  with  the  Wheeler  Process 
of  Combining  Iron  and  Steel  in  the  Head  of  a  Rail,  by  W.  E.  C. 
Coxe,  of  Reading,  Pa. 

On  the  Jenks  Corundum  Mine,  Macon  County,  N.  C,  by  Dr.  R. 
W.  Raymond,  of  New  York  City. 

On  Wednesday  afternoon,  previous  to  the  opening  session,  the 
members  who  had  already  arrived  in  Chattanooga,  were  taken  by 
the  Local  Committee  to  the  works  of  the  Roane  Iron  Company, 
and  Chattanooga  Iron  Company,  and  then  to  the  top  of  Lookout 
Mountain,  where,  at  the  request  of  the  members  present.  Dr.  Hunt 
described  the  geological  and  geographical  features  of  the  Chatta- 
nooga region,  with  the  magnificent  panorama  spread  out  before  them 
as  a  map. 

On  Thursday  morning  an  excursion  was  made  by  steamboat 
down  the  Tennessee  River  as  far  as  Shellmound.  Here  cars  were 
taken  to  the  coal  mines  of  the  Dade  Coal  Company,  where  the  mem- 
bers were  courteously  received  by  Mr.  E.  B.  Wells,  the  Superin- 
tendent. After  a  trip  through  the  mines  the  party  partook  of  a  col- 
lation provided  by  the  company.  South  Pittsburgh,  on  the  Tennessee 
River,  was  next  visited,  where  the  Southern  States  Coal,  Iron  and 
Land  Company  have  {i  large  blast-furnace  plant  in  the  course  of 
erection.  After  conducting  the  party  through  the  works,  shops,  etc., 
Mr.  James  Bowron,  the  manager,  entertained  the  members  with 
graceful  hospitality  at  dinner. 

The  second  session  was  held  on  Thursday  evening  for  the  transac- 
tion of  business. 

The  President,  Dr.  T.  Sterry  Hunt,  appointed  Messrs.  W.  E,  C. 
Coxe,  R,  H.  Richards,  and  F.  J.  Slade,  scrutineers,  to  examine  the 
ballots  for  officers  for  the  ensuing  year. 


PROCEEDINGS   OF   THE    CHATTANOOGA    MEETING. 


The  following  persons  proposed  for  membership  in  the  Institute, 
and  approved  by  the  Council,  were  unanimously  elected : 
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Albany,  N.  Y. 

Chattanooga,  Tenn. 

Chattanooga,  Tenn. 

Philadelphia. 

Atlanta,  Georgia. 

Alto  Pass,  111. 

Tennessee  EoUing  Works,  Ky. 

Tennessee  EoUing  Works,  Ky. 

Pittsburgh,  Pa. 

Atlanta,  Georgia. 

Larimer  Station,  P.  E.  R.,  Pa. 

Pittsburgh,  Pa. 

Albany,  N.  Y. 

Chattanooga,  Tenn. 

Philadelphia. 

Boston,  Mass. 

Chattanooga,  Tenn. 

Bowden,  Carroll  Co.,  Georgia. 

Tecumseh,  Ala. 

Cedartown,  Polk  Co.,  Georgia. 

Germantown,  Philadelphia. 


ASSOCIATES. 


•Jacksonville,  Ala. 
Chicago,  111. 
Chattanooga,  Tenn. 
Chattanooga,  Tenn. 
Pittsburo;h,  Pa. 


It  was  also  voted  that  the  status  of  Messrs.  F.  R.  Hutton  and  J. 
R.  Priest  be.  changed  from  associate  to  member. 

The  following  Report  of  the  Council  was  then  read : 

The  Council,  in  accordance  with  the  rules,  makes  the  following 
report  to  the  Institute  of  the  work  of  the  past  year : 

There  has  been  an  accession  to  the  membership  of  seventy-one, — 
fifty  members,  eighteen  associates  and  one  foreign  member.  Twelve 
have  resigned  and  four  have  died,  leaving  a  total  membership  at 
present  of  seven  hundred  and  forty.     The  members  whose  death  the 
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Institute  mourns  are  William  Firmstone,  Henry  Newton,  Chas.  A. 
Dresser,  and  C.  W.  Moore. 

The  three  regular  meetings  of  the  Institute  held  at  Wilkes-Barre, 
Amenia,  and  Philadelphia  were  highl}^  profitable  in  valuable  papers 
contributed,  in  excursions  to  points  of  interest,  and  in  social  enjoy- 
ment. The  Council  notes  with  gratification  the  large  and  increasing 
attendance  at  the  regular  meetings  and  the  expressions  of  pleasure 
of  the  members  who  attend  them. 

The  fifth  volume  of  Transactions  has  been  issued,  covering  the 
period  from  May,  1876,  to  February,  1877,  and  has  been  distributed 
to  all  foreign  members,  and  to  home  members  and  associates  not  in 
arrears  for  annual  dues.  The  volume  has  also  been  distrii)uted  to 
scientific  and  technical  societies  in  this  country  and  in  Europe,  and 
also  to  general  libraries.  The  library  of  the  Institute  is  steadily  in- 
creasing in  value  by  exchanges  received  for  the  Transactions.  The 
full  analytical  index  to  the  five  volumes  which  has  been  added  to 
Volume  V,  will  be  found  of  great  convenience  in  consulting  these 
volumes. 

Owing  to  unavoidable  delays  iu  issuing  Volume  V,  the  publica- 
tion of  papers  in  pamphlet  form,  as  determined  upon  at  the  Amenia 
meeting,  has  not  been  as  prompt  as  was  expected.  Four  have,  how- 
ever, already  been  issued,  and  the  remainder  will  now  speedily  fol- 
low, and  members  will  have  an  opportunity  to  judge  of  the  desira- 
bility and  convenience  of  this  system  of  publication. 

The  reports  of  the  Secretary  and  Treasurer  of  the  finances  of  the 
Institute,  duly  audited,  show  receipts  for  the  year  of  $4828.99,  and 
expenditures  of  $4748.16,  leaving  a^balance  of  S80.83.  There  are 
liabilities  of  $476.87,  and  a  net  deficit,  therefore,  of  S396.04.* 

Tiie  Institute  has  received  communications  from  the  Society  of 
German  Engineers,  the  Society  of  Civil  Engineers  of  France,  and 
from  the  Prussian  Minister  of  Commerce,  Industry,  and  Public 
Works,  extending  courtesies  to  members  who  may  visit  the  Paris 
Exhibition  this  summer.  The  Society  of  German  Engineers  has 
appointed  committees  in  the  different  districts  of  Germany  to  receive 
members,  and  aid  them  in  their  investigations  of  German  industries 
by  information  and  introductions.  The  Society  of  Civil  Engineers 
of  France  offers  its  libraries,  halls,  and  rooms  in  Paris  to  members 
for  study,  meetings,  or  rendezvous,  and  the  Prussian  Minister  has 
established  a  bureau  of  information  at  Berlin,  where  members  can 
resort  for  inquiries  and  instructions. 

*  Detailed  statement  in  Vol.  YI,  Transactions. 
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These  courtesies,  oiFered  in  the  most  liberal  and  cordial  manner, 
are  the  more  gratifying,  inasmuch  as  they  are,  in  a  measure,  an  ac- 
knowledgment of  the  facilities  which  the  Institute  had  the  pleasure 
of  offering  to  foreign  engineers  on  the  occasion  of  the  Exhibition  in 
Philadelphia. 

Mr.  J.  M.  Alexander,  of  Jacksonville,  Alabama,  presented  invi- 
tations from  the  Board  of  Trade  of  Mobile  and  from  the  Mayor  of- 
Jacksonville,  Alabama,  requesting  the  Institute  to  hold  one  of  its 
future  meetings  in  Mobile.  The  matter  was  referred  to  the  Council, 
and  the  thanks  of  the  Institute  expressed  to  Mr.  Alexander  for  the 
cordial  invitation. 

The  proposed  amendments  to  the  Rules  were  then  considered. 
Mr.  Holley's  amendments  referring  to  the  times  of  the  annual  and 
other  meetings,  and  also  the  amount  of  dues  payable  by  members  on 
election  at  each  meeting,  were  adopted  in  the  following  form : 

Rule  VI  to  read  :  The  annual  meeting  of  the  Institute  shall 
take  place  on  the  third  Tuesday  of  February,  at  which  a  report  of 
the  proceedings  of  the  Institute  and  an  abstract  of  the  accounts 
shall  be  furnished  by  the  Council.  Two  other  regular  meetings  of 
the  Institute  shall  be  held  in  each  year  at  such  times  and  places  as 
the  Council  shall  select.     Special  meetings  may  be  called,  etc.,  etc. 

Rule  III  to  read :  The  dues  of  members  and  associates  shall  be 
ten  dollars  per  annum,  payable  in  advance  at  the  annual  meeting, 
provided,  that  persons  elected  at  the  meeting  following  the  annual 
meeting  shall  pay  eight  dollars,  and  persons  elected  at  the  meeting 
preceding  the  annual  meeting  shall  pay  four  dollars  as  dues  for  the 
current  year ;  and  members  and  associates  permanently  residing  in 
foreign  countries,  excepting  Canada,  etc.,  etc. 

The  motion  to  adopt  the  amendments  proposed  by  Prof.  Prime 
to  Rules  II  and  III,  referring  to  members  and  associates  perma- 
nently residing  in  foreign  countries,  was  laid  on  the  table.  Mr. 
rirmstone  moved  that  his  proposed  amendment  to  Rule  II,  refer- 
ring to  the  method  of  electing  members  and  associates,  the  consid- 
eration of  which  was  postponed  at  the  Wilkes-Barre  meeting,  be 
again  postponed  until  the  next  annual  meeting. 

The  motion  was  carried. 

Dr.  Raymond  offered  the  following  resolution,  which  was  adopted  : 

Resolved,  That  the  Council  be  and  is  hereby  authorized  to  incorporate  itself  as 
the  American  Institute  of  Mining  Engineers,  in  such  corporate  capacity  to  adopt 
the  present  existing  rules,  elect  the  present  members  and  associates,  collect  the 
dues  unpaid,  continue  in  all  respects  the  functions  of  the  present  association,  and 
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that  upon  the  consummation  of  such  action  by  the  Council  the  present  unincor- 
porated association,  known  as  the  American  Institute  of  Mining  Engineers,  shall 
be  merged  in  the  incorporated  association  of  the  same  name  so  formed. 

Prof.  Egleston,  Chairman  of  the  Committee  on  Gauges,  moved, 
in  view  of  the  fact  that  the  subject  had  been  taken  up  by  the  Metro- 
logical  Society,  that  the  committee  be  discharged,  which  was  agreed 
to. 

The  following  papers  were  then  read  by  title : 

The  Mode  of  Combustion  in  Blast-Furnace  Hearths,  by  Prof. 
John  A.  Church,  of  Columbus,  Ohio. 

Memorandum  Relating  to  the  Construction  Account  of  the  Rail 
Mill  of  the  Edgar  Thomson  Steel  Company,  Pittsburgh,  Pa.,  1874 
and  1875,  by  P.  Barnes,  of  Plainfield,  N.  J. 

The  Geology  as  Related  to  the  Mineralogy  of  the  Chattanooga 
Mineral  Region,  by  General  J.  T.  Wilder,  of  Chattanooga,  Tenn. 

Blast-Furnace  Xotes  and  Statistics,  by  C.  Constable,  of  Rockwood 
Tenn. 

The  Humboldt-Pocahontas  Vein,  Rosita,  Colorado,  by  R.  Neilson 
Clark,  of  Rosita,  Colorado. 

Thin  Sheets  of  Metal,  and  Examinations  of  Iron  and  Steel  Rails, 
by  Prof.  T.  Egleston,  School  of  Mines,  New  York  City. 

On  a  Deposit  of  Cadmia  in  a  Coke  Blast  Furnace,  by  H.  Firm- 
stone,  of  Longdale,  Allegheny  Co.,  Va. 

The  following  resolution  of  thanks  was  then  unanimously  passed: 

Resolved,  That  the  hearty  thanks  of  the  American  Institute  of  Mining  En- 
gineers be  given  to  the  following  individuals,  associations,  and  companies,  who 
have  so  cordially  received  its  members  and  extended  to  them,  during  the  Chatta- 
nooga meeting,  thoughtful  courtesy  and  graceful  hospitality,  and  especially  to 
Messrs.  H.  S.  Chamberlain,  J.  T.  Wilder,  Mayor  Carlisle,  the  local  Committees 
of  Arrangements,  and  also  to  the  ladies  of  Chattanooga,  whose  exertions  for  the 
pleasure  and  profit  of  the  members  of  the  Institute  during  this,  delightful  meet- 
ing have  contributed  so  largely  to  its  success  :  The  Iron,  Coal  and  Manufacturers 
Association  of  Chattanooga ;  Koane  Iron  Company ;  Chattanooga  Iron  Com- 
pany ;  Tennessee  Iron  and  Steel  Company  ;  Vulcan  Iron  and  Nail  Works  ;  Dade 
Coal  Company,  Mr.  E.  B.  Wells,  Superintendent;  Southern  States  Coal,  Iron 
and  Land  Company,  Mr.  James  Bowron,  Manager  ;  Mr.  C.  Constable,  Mana- 
ger of  Kockwood  Furnace  and  Mines;  Eureka  Company,  Mr.  James  Thomas, 
Manager  ;  Shelby  Iron  Company,  Mr.  Black,  Manager  ;  Woodstock  Iron  Com- 
pany, Mr.  A.  L.  Tyler,  President;  Nashville,  Chattanooga  and  St.  Louis  Kail- 
road  Company,  Mr.  J.  W.  Thomas,  General  Superintendent ;  Alabama  and  Chat- 
tanooga Railroad  Company,  Mr.  Charles  B.  Ball,  General  Superintendent; 
Western  and  Atlantic  Railroad  Company,  Mr.  William  MacRae,  Superinten- 
dent; South  and  North  Alabama  Railroad  Company;  Selma,  Rome  and  Dal- 
ton  Railroad  Company,  Mr.  M.  Stanton,  General  Superintendent;  East  Tennessee, 
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Virginia  and  Georgia,  Memphis  and  Charleston,  and  Knoxville  and  Ohio  Eail- 
road  Companies,  Mr.  C.  M.  McGhec,  Vice-President;  Captain  Capehart,  of  the 
Steamer  K.  C.  Jackson,  and  Captain  Kendrick,  of  the  Steamer  J.  T.  Wilder. 

On  Thursday  evening  the  members  left  Chattanooga  under  the 
guidance  of  Mayor  Carlisle  by  the  Alabama  and  Chattanooga  Railroad, 
and  arrived  at  Birmingham,  Alabama,  at  six  o'clock  Friday  morning, 
thence  by  the  South  and  North  Alabama  Railroad  to  Oxmoor,  where 
breakfast  was  provided  by  Mr.  James  Thomas,  Manager  of  the 
Eureka  Company.  Visit  was  then  made  to  the  company's  mine  on 
Red  Mountain  by  narrow-gauge  road  two  and  a  half  miles  long, 
where  workings  in  fossil  ore  were  seen,  and  also  the  inclined  plane 
to  bring  limestone  over  the  mountain  to  the  railroad.  Returning 
to  Oxmoor,  the 'furnaces  and  coke  ovens  were  inspected.  The  party 
then  proceeded  on  the  South  and  North  Railroad  to  the  company's  coal 
mines  at  Helena  in  the  Cahaba  coal  field,  and  examined  the  Stutz 
coal-washer  and  the  coke  ovens,  thence  to  the  junction  of  the  Selma, 
•Rome  and  Dalton  Railroad  at  Calera,  and  over  this  road  to  the 
Shelby  Iron  Works,  Mr.  Black,  Superintendent,  where  the  charcoal 
furnaces  and  extensive  brown  hematite  deposits  were  seen  and  the 
party  entertained  at  dinner.  Continuing  on  the  Selma,  Rome  and 
Dalton  Railroad,  the  Woodstock  furnaces  and  mines  were  next 
visited,  under  the  guidance  of  Mr.  Alfred  L.  Tyler,  President  of  the 
company,  who  also  hospitably  provided  the  party  with  supper. 
Continuing  on  the  above  road  as  far  as  Dalton,  the  party  arrived  in 
Chattanooga  early  Saturday  morning,  via  the  Western  and  At- 
lantic Railroad. 

The  third  and  concluding  session  of  the  Institute  was  held  on 
Saturday  morning,  Vice-President  Raymond  in  the  chair. 

Mr.  H.  S.  Chamberlain  presented  a  number  of  copies  of  a 
pamphlet  on  "  The  Agricultural  and  Mineral  Wealth  of  Tennessee," 
by  J.  B.  Killebrew,  and  lithographic  copies  of  the  large  centennial 
map  of  the  Chattanooga  region  for  distribution  to  members.  The 
secretary  called  attention  to  convenient  cards  for  the  interconversion 
of  English  and  metric  units,  prepared  by  Prof  Persifor  Frazer, 
Jr.,  of  Philadelphia,  and  sent  by  him  for  distribution. 

The  following  papers  were  then  read  : 

A  New  Steam-Engine  Indicator,  by  J.  E.  Sweet,  Cornell  Univer- 
sity, Ithaca,  N.  Y. 

Heat  in  the  Comstock  Ijode  and  its  Cause,  by  Prof.  John  A. 
Church,  of  Columbus,  Ohio. 


PROCEEDINGS   OF   THE   CHATTANOOGA    MEETING.  9 

Improvoincnts  in  Appliances  for  Venting  Molten  Steel  or  Iron 
from  a  Casting  Ladle  or  Shoe,  by  J.  A.  Herrick,  of  Nashua,  N.  H. 

Note  on  Zircons  in  Unaka  Magnetite,  by  Prof.  W.  P.  Blake,  of 
New  Haven. 

The  scrutineers  appointeil  by  the  President  to  examine  the  ballots 
reported  the  following  persons  elected  : 

PRESIDENT. 
EcKLEY  B.  CoxE,         ....     Drifton,  Luzerne  Co.,  Pa. 

VICE-PRESIDENTS. 
J.  F.  Blaxdy,      .         .         .         .         .     Merchantvillo,  N.  J. 
"William  Metcalf,    ....     Pittsburgh,  Pa. 
R.  H.  Thurstox,  ....     Hoboken,  N.  J. 

MANAGERS. 

Georgk  Asmus, New  York  City. 

J3.  AV.  Frazier, Bethlehem,  Pa. 

William  B.  Potter,  .        .        .        .St.  Louis,  Mo. 

TREASURER. 

Theouore  D   Rand,   ....     Philadelphia. 

SECRETARY. 
Thomas  M.  Drown,    ....     Easton,  Pa. 

The  meeting  was  then  declared  adjourned. 


On  Saturday  evening  the  members  left  Chattanooga  by  boat  for 
Rockwood,  Tennessee,  to  visit  the  Roane  Iron  Company's  blast  fur- 
nace and  coal  mines.  They  were  here  received  by  General  J.  T. 
Wilder,  and  Mr.  C.  Constable,  the  Manager,  who  conducted  the 
party  over  the  works  and  afterwards,  with  the  graceful  assistance  of 
the  ladies  of  Rockwood,  entertained  them  with  generous  hospitality 
at  dinner.  On  leaving  Rockwood,  the  trip  on  the  Tennessee  River 
was  continued  to  Loudon,  where  a  special  train  conveyed  the  mem- 
bers to  Knoxville.  Here  they  were  made  the  guests  of  Mr.  C.  M. 
McGhee,  A-^ice- President  of  the  East  Tennessee,  Virginia  and  Georgia 
Railroad,  who  took  them  over  the  Knoxville  and  Ohio  Railroad  to 
the  Coal  Creek  coal  mines.  On  returning  to  Knoxville  they  were 
taken  in  carriages  to  the  environs  of  the  city,  where  extensive  views 
of  the  surrounding  country  were  obtained.  This  concluded  the  ex- 
cursions of  the  meeting,  the  party  here  breaking  up  and  dispersing 
to  their  homes. 


PAPERS 


OF   THE 


CHATTANOOGA    MEETING. 

MAY,  1878. 


nrPBOVEMENTS  IX  THE  APPLIANCES  FOB  VENTING 
MOLTEN  STEEL  OB  IB  ON  FB03I  A  CASTING-LADLE 
OB  SHOE. 

BY  J.  A.  HERRICK,  NASHUA,'  K.  H.,  STJPEEINTENDENT  STEEL   SMELTIXG 
DEPARTMENT,   NASHUA  IRON  AND  STEEL   COMPANY. 

In  this  country  steel  made  in  a  Siemens  furnace  or  Bessemer 
converter,  is  generally  tapped  into  a  ladle  or  shoe,  and  then  drawn 
through  an  aperture  in  its  base  into  the  various  moulds. 

In  order  to  regulate  the  flow  of  the  molten  mass  a  refractory 
valve  is  arranged  at  the  aperture.  A  plumbago  nozzle  is  fixed 
firmly  in  this  aperture,  and  a  stopper  of  like  material  is  fitted  to  it, 
making  a  socket  valve.  In  order  to^  raise  and  depress  this  stopper 
at  will,  a  rod  is  fastened  to  it,  extending  through  the  metal  and 
over  the  brim  of  the  ladle,  where  it  is  bent  back  iu  a  half  circle  and 
secured  in  a  slide.  This  slide  plays  vertically  in  a  frame,  perma- 
nently fastened  to  the  outside  of  the  ladle,  and  is  moved  by  a  lever 
liaving  as  a  fulcrum  a  pin  fixed  in  this  frame,  one  end  of  the  lever 
being  temporarily  fixed  to  the  slide,  and  the  other  end  being  moved 
by  hand.  Reference  being  had  to  the  drawing  (see  Plate  1,  Fig.  1),  E 
is  the  nozzle,  D  is  the  stopper,  A  is  the  rod,  protected  as  hereinafter 
described,  C  is  the  cast-iron  framework,  B  is  the  wrought-iron  slide, 
JV  is  the  offset  into  which  the  rod.  A,  enters,  and  is  secured  in  the 
usual  manner  by  a  key,  a.  Section  J,  K,  shows  the  manner  of 
hanging  the  lever.  J  is  a  pin  attached  to  the  slide  by  which  the 
end  of  the  lever  raises  the  slide,  B.  J  is  the  fulcrum  fastened  to 
the  frame,  C.  K  (Fig.  1)  is  a  hand-nut  fastening  the  slide,  B,  to 
the  frame,  C,  at  will.  Fig.  2  is  a  side  elevation  of  ladle,  showing 
the  outside  working  of  the  parts  above  described. 

It  is  the  common  practice  to  protect  the  rod,  A,  by  a  coating  of 
clay  and  fire-sand,  kneaded  to  the  right  consistency  and  applied  to 
the  rod,  and  then  thoroughly  dried.  Just  before  casting,  the  plum- 
Ijago  stopper,  D,  is  heated  at  its  extremity  to  redness  separate  from 
the  ladle  and,  at  the  moment  of  pouring,  is  placed  in  the  ladle  and 
slide,  and  adjusted  as  well  as  practicable.  Some  very  serious  defects 
ensue,  causing  much  trouble  and  vexation  as  well  as"actual  loss.  The 
fire-clay  coating  in  drying  becomes  cracked  and  seamy,  and  at  its  best 
is  more  or  less  loose  on  the  rod.     The  hot  metal  sometimes  cuts 
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through  this  coating,  severing  the  central  rod ;  and  in  order  to  draw 
out  the  remainder  of  the  metal  the  stopper,  now  fallen  and  resting 
on  the  nozzle,  must  be  punched  up  from  beneath — a  very  undesir- 
able operation ;  or  else  the  ladle  must  be  reversed  and  the  metal, 
mixed  with  slag,  poured  over  the  brim.  Any  jar  is  likely  to  detach 
portions  of  the  coating,  and  the  above-mentioned  casualty  ensues. 
Under  the  most  favorable  conditions  this  kind  of  protection  of  the 
rod  must  be  renewed  for  each  heat,  none  being  fit  for  more  than  one 
pouring.  The  whole  stopper  must  necessarily  be  imperfectly  heated 
outside  of  the  ladle,  and  then,  while  comparatively  cold,  must  be 
fitted  into  the  slide,  the  ladle  itself  becoming  rapidly  cooled  during 
this  operation.  The  stopper  being  unevenly  heated  the  centre  rod 
is  sometimes  warped,  the  parts  of  the  valve  do  not  fit  together  per- 
fectly, and  a  leakage  of  metal  Avhile  transferring  the  ladle  from  one 
ingot  mould  to  another  very  often  occurs. 

Thus  managed,  a  stopper  is  necessarily  much  colder  than  the 
ladle,  and  when  the  molten  metal  strikes  the  former,  an  ebullition 
more  or  less  violent  ensues,  causing  much  personal  inconvenience, 
and  tending  to  make  the  ingots  porous,  imperfect,  and  of  light 
weight.  The  surge  of  the  molten  metal  wears  off  portions  of  the 
clay  coating,  and  these  are  frequently  found  in  the  completed  steel 
as  sand-streaks.  The  above-mentioned  and  other  defects,  more  or 
less  serious  in  their  nature,  and  which  will  occur  at  once  to  any  ex- 
pert, are  almost  entirely  corrected  by  the  improvements  about  to  be 
described.  These  have  been  in  actual  use  for  the  last  four  months 
in  a  new  twelve-ton  ladle.  In  a  six-ton  ladle  the  above-named 
evils  are  hard  to  endure,  but  are  much  intensified  as  the  size  of  the 
ladle  increases. 

The  fire-clay  coating  is  done  away  with,  and  one  or  more 
cylinders  of  refractory  material,  M  (see  details  of  stopper),  are  sub- 
stituted, covering  the  rod  as  high  as  the  metal  and  slag  rises.  In 
order  to  prevent  the  steel  or  iron  from  penetrating  the  joints  of  the 
cylinders  and  injuring  the  inclosed  rod,  a  socket  is  arranged  between 
the  cylinders  as  at  N.  An  angular  projection  on  the  first  cylinder 
fits  into  a  square-shouldered  cavity  in  the  second,  thereby  breaking 
joints  and  preventing  a  thin  film  of  metal  from  reaching  the  rod. 
The  plumbago  stopper,  D,  is  arranged  with  a  projection  upon  its 
top  face,  which  enters  the  first  cylinder,  as  shown  iu  the  detailed 
drawing.  The  stopper  is  fastened  to  the  rod,  in  the  ordinary  way, 
by  a  pin  with  a  shoulder  at  its  extremity  passing  up  through  the 
stopper,  while  the  other  end  of  the  pin,  also  passing  up  through  the 
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lower  part  of  the  rod,  is  fastened  by  a  wedge,  L,  as  shown  in  detail. 
The  cylinders  when  in  use  expand  and  contract,  making  the  joints  open 
and  close,  and  exposing  in  some  degree  the  inclosed  rod.  To  obviate 
this  a  stiff  spring,  O,  is  i)laced  on  the  top  of  the  cylinders,  and  put 
under  proper  tension  by  the  wedge,  Q,  and  driven  to  a  bearing 
through  a  slot  in  tlie  rod.  To  protect  this  spring  from  the  heat, 
flying  steel,  or  overflowing  slag,  a  thin  cap  or  hood,  P,  of  cast  iron 
or  any  refractory  material  is  arranged,  completely  protecting  it.  The 
outside  of  this  cap  or  hood  is  painted  thickly  with  black  lead  and 
clay,  mixed  thin  with  sour  beer,  each  time  the  stopper  is  used.  In 
order  to  readily  adjust  this  stopper,  even  while  actually  pouring,  a 
hinge  motion  is  arranged  on  the  side  at  F,  and  in  order  to  work  the 
hinge  and  at  the  same  time  keep  it  rigid,  a  metallic  bar,  G,  Fig.  1, 
about  two  inches  wide  by  one-half  inch  thick,  is  bolted  firmly  at  H 
to  the  oifset,  while  the  lower  end  of  the  bar  swings  free. 

A  rod  or  bolt,  I,  projects  at  right  angles  from  the  main  slide,  B, 
with  a  thread  cut  along  its  surface.  A  hand-nut  is  placed  on  this 
rod  outside  of  the  connecting  bar,  G,  while  a  check-nut  easily 
turned  is  placed  on  the  inside  of  the  bar,  thus  checking  motion  at 
any  desired  point,  and  making  the  whole  stopper  rigid.  Motion 
towards  the  opposite  side  of  the  ladle  in  the  plane  of  its  centre  is 
thus  secured.  A  rotary  motion  of  stopper  and  rod,  A,  is  secured 
by  loosening  the  key,  a,  and  simply  turning  the  rod  in  its  socket. 
A  set  screw  turned  by  hand  fixes  the  rod  in  place,  and  prevents 
further  rotation,  while  the  key,  a,  driven  home,  secures  rigidity.  The 
above  improvements  can  readily  and  with  small  expense  be  adapted 
to  the  ordinary  slides  of  ladles.  Great  comfort,  ease,  and  certainty, 
are  thus  secured  in  the  pouring.of  steel  or  other  fluid  metal ;  much 
labor  and  even  money  is  saved,  for  these  stoppers  last  several  heats 
without  change  or  trouble,  the  stopper  remaining  in  place,  and  being 
heated  in  its  working  position  in  the  ladle. 


DISCUSSION. 

Mr.  Holley  remarked  that  the  results  obtained  by  Mr.  Herrick 
were  unusually  good.  The  fire-brick  sleeves  on  the  stopper-rod  are 
not  new;  they  have  been  used  for  several  years  in  the  Bessemer 
practice.  But  the  spring  to  compensate  for  the  expansion  of  the  rod 
is  novel  and  important.  The  necessity  for  such  a  compensation  is  so 
great  that  at  Seraing,  in  Belgium,  a  device  was  originated  which  was 
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copied  in  many  foreign  and  American  works, — a  piece  of  paper  under 
the  pin  which  holds  a  solid-ended  stopper  to  the  rod.  When  the 
stopper  gets  hot,  the  paper  burns  away,  giving  the  rod  a  chance  to 
expand.     Mr.  Herrick's  arrangement  appears  to  be  much  better. 


A  NEW  STEAM-ENGINE  INBICATOB. 

BY  JOHN  E.    SWEET,   ITHACA,    N.    Y. 

There  have  already  been  so  many  subjects  of  a  purely  mechanical 
nature  presented  to  the  Institute  of  Mining  Engine'ers,  that  it  is  un- 
necessary for  me  to  apologize  for  adding  another  to  the  list. 

When  a  new  invention,  or  what  is  supposed  to  be  a  new  invention, 
claiming  simply  an  improvement  on  the  well-known  devices,  is  to 
be  described,  it  is  usual  to  point  out  the  defects  of  the  old  and  give 
a  history  of  the  object  or  the  art  up  to  date.  But,  as  no  doubt  a  large 
proportion  of  the  members  of  this  Institute  know  as  much,  or  more, 
about  the  history  and  use  of  the  steam-engine  indicator  than  I  do 
myself,  I  will  not  further  preface  the  subject,  than  to  remind  you 
that  what  called  for  the  Richards's  improvement  on  the  Watt's  in- 
dicator was  high  speed ;  that  the  leading  improvement  was  the  re- 
duction of  momentum  in  the  reciprocating  parts;  and  that  this  was 
accomplished  by  making  the  parts  lighter,  and  reducing  the  travel  of 
the  heaviest  of  them,  and  consequently  the  speed  and  momentum. 

The  use  of  the  indicator  has  been  extended,  for  the  speed  of  steam- 
engines  and  other  prime  movers  has  been  increased,  until  one  engi- 
neer at  least,  John  Cooper,  of  Philadelphia,  says,  "I  want  an  indi- 
cator that  will  work  up  to  a  thousand  revolutions." 

Mr.  Thompson,  of  the  Buckeye  Steam-Engine  Company,  of  Salem, 
Ohio,  has  improved  on  the  Richards's  indicator  by  another  reduction 
in  the  momentum,  which  is  done  by  putting  the  parallel  motion 
nearer  the  fulcrum  of  the  pencil  arm,  reducing  both  weight  and 
travel. 

The  characteristic  feature  of  the  indicator  I  am  going  to  illustrate 
is  a  still  further  reduction  in  the  same  direction,  which  is  accom- 
plished by  dispensing  with  the  parallel  motion  altogether.  As  is 
often  the  case,  in  putting  a  simple  idea  into  shape,  some  difficulties 
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were  encountered  that  had  to  be  overcome,  and  new  thoughts  and 
improvements  presented  themselves,  so  tliat  the  original  design  has 
been  almost  overshadowed  by  otiier  ideas.  I  will  describe  the  whole 
apparatus  in  almost  the  reverse  order  in  which  the  various  changes 
have  been  thought  out. 

Figures  1  and  2  (Plate  II)  show  the  reducing  device  we  have  ap- 
plied to  our  engine  for  giving  motion  to  the  pa[)er.  A,  Fig.  1,  is  a 
crooked  rock  shaft  mounted  in  bearings  over  the  cross-head  of  the 
engine,  in  the  supports,  B,  B.  C,  a  pendulum-rod,  swung  back  and 
forth  by  the  motion  of  the  cross -head,  carries  a  sliding  block,  D, 
which  can  be  raised  to  the  top  of  the  rod  or  allowed  to  fall  to  any 
desired  point  by  the  adjusting  collar,  E.  A  string,  F,  passing 
through  the  centre  of  the  rock  shaft  and  over  the  pulley  enables  the 
operator  to  raise  or  lower  this  block  regardless  of  the  speed  of  the 
engine.  The  trunnions  on  the  block  are,  of  course,  at  rest  when  the 
block  is  raised  so  that  their  axis  corresponds  with  the  axis  of  the 
rock  shaft,  and,  when  let  down,  have  a  motion  proportional  to  the 
motion  of  the  cross-head.  VV'e  suspend  a  weight  somewhat  heavier 
than  the  block  and  its  connections  to  the  cord,  so  that  by  raising  the 
weight  we  give  motion  to  the  indicator,  or  by  dropping  the  weight  stop 
it.  This  arrangement  is  applicable  to  all  indicators.  It  is  especially 
good  for  high  speed,  and  there  is  no  objection  except  the  one  of  cost, 
and  that,  if  we  consider  the  unsightly  and  frail  traps  that  are  fre- 
quently adopted,  will  tend  to  make  us  think  more  instead  of  less  of 
it.  Of  course,  this  arrangement  would  need  modifying  to  suit  cir- 
cumstances, but  the  principle  of  sliding  the  block  to  and  from  the 
axis  of  motion  is  applicable  in  all  cases.  In  the  place  of  a  string 
for  connecting  the  reducing  device  with  the  indicator,  we  use  a  con- 
necting rod,  one  end  of  which  is  showMi  at  a.  Fig.  2. 

Figures  3  and  4  show  the  indicator  in  cross  section  and  elevation. 
It  has  been  built,  as  you  will  see,  upon  the  Richards's  indicator, 
enough  of  the  original  being  used  to  make  it  recognizable;  in  tact, 
we  used  our  Elliott  Bros,  instrument,  altering  it  only  so  tar  as  was 
necessary  to  carry  out  the  idea. 

It  will  be  noticed  that  the  principal  difference  is  in  the  method  of 
holding  and  moving  the  paper.  Instead  of  wrapping  it  around  the 
outside  of  a  cylinder,  it  is  bent  and  held  on  the  inner  surface  of  a 
segment;  and,  instead  of  being  moved  around  and  back  in  a  circle, 
it  is  moved  forward  and  back  in  a  straight  line.  So  the  power  from 
the  engine  is  carried  directly  to  the  paper-holder,  without  strings  or 
springs,  and  is  a  positive  motion  w  hich  can  be  run  at  any  speed.. 
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This  method  of  fixing  the  paper  is  better  in  two  respects :  it  can  be 
placed  in  one-fourth  the  time,  and  any  kind  of  paper  or  stiff  busi- 
ness card  can  be  used.  To  place  the  card  it  is  only  necessary  to  set 
the  lower  edge  in  the  bottom  channel,  press  it  back,  and  adjust  the 
hook  G  over  the  upper  edge. 

The  pencil-arm  is  a  tube  of  about  y'gth  of  an  inch  external  diam- 
eter, through  the  centre  of  which  passes  the  marking-point,  of  cop- 
per wire,  about  3'od  of  an  inch  in  size.  I  am  indebted  to  John 
Cooper  for  the  idea  of  using  copper.  I  had  contemplated  using 
zinc  or  some  alloy,  but  copper  works  so  well  that  I  have  tried  no 
other  point.  The  pressure  is  put  on  the  marking-point  by  the  spring, 
H,  which  is  forced  against  it  by  the  cam,  I.  In  this  way  the  pres- 
sure is  put  on,  and  the  force  is  the  force  of  the  spring,  entirely  be- 
yond the  control  of  the  operator. 

The  first  difficulty  which  presented  itself  to  us,  and  one  which 
may  have  already  occurred  to  some  of  you,  was :  how  is  a  uniform 
travel  of  the  piston  to  be  made  to  give  a  uniform  travel  to  the  pencil- 
point  ?  This  has  been  beautifully  accomplished  by  the  method  shown 
in  Fig.  5,  which  was  devised  or  discovered  by  Mr.  F.  A.  Halsey, 
the  student  who  has  made  the  indicator  itself  and  the  drawings 
of  it. 

It  was  thought  best  to  give  the  pencil  the  same  range  as  in  the 
old  indicator, — 60° ;  but,  instead  of  moving  30°  above  and  30°  be- 
low, and  locating  the  piston  and  link  in  a  natural  position,  the  arm 
plays  from  7|°  below  to  52|°  above  the  horizontal,  and  the  link  is 
placed  in  that  inclined  position  which  gives  to  the  pencil  so  nearly 
a  uniform  velocity  ratio  that  when  multiplied  twelve-fold  the  varia- 
tion is  scarcely  discernible.  I  have  given  in  an  appendix,  in  Mr. 
Halsey 's  own  words,  a  mathematical  consideration  of  this  problem 
and  an  explanation  of  its  solution.  It  will  be  seen'  that  we  not 
only  dispense  with  the  parallel  motion,  but  do  away  with  consider- 
able weight  in  the  pencil  and  pencil-holder  at  the  end  of  the  arm, 
where  it  does  the  most  harm. 

So  far  as  we  have  been  able  to  test  the  indicator,  the  result  has 
been  to  get  as  good  cards  at  330  revolutions  as  we  could  get  from 
the  Elliot-Richards  at  220,  or  from  the  Thompson  at  270,  under  the 
same  conditions;  and  330  is  the  highest  speed  at  which  we  have 
had  an  opportunity  of  trying  it. 

One  objection  to  the  new  instrument  is  that  it  is  a  trifle  more 
bulky;  but  it  is  no  heavier,  and,  I  think,  somewhat  less  in  cost. 

During  the  construction  of  this  instrument  another  question  came 
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up,  and  that  was  whether  it  was  not  possible  to  do  away  with  the 
most  of  the  piston-rod  and  all  the  weight  of  the  spring  by  substi- 
tuting a  torsion  for  the  spiral  spring.  Figures  6  and  7  show  this 
idea  developed  ;  and  this  has  led  to  two  or  three  other  ideas  that 
would  seem  to  justify  the  carrying  out  of  the  experiment.  It  is  pro- 
posed to  use  two  torsion  springs,  A  and  B,  each  of  square  wire,  one 
to  be  about  equal  to  a  30-pound  spring  and  the  other  to  a  60-pound 
spring.  For  low  pressure  the  30-pound  spring  can  be  used,  for  high 
pressure  the  60-pound,  and  for  still  higher  both.  Then,  again,  for 
condeusing-engines,  the  60-pound  spring  for  the  high  pressure,  and 
the  30-pound  at  the  same  time  for  the  vacuum.  This  I  believe 
to  be  a  better  principle  than  that  of  using  the  same  spring  both  in 
tension  and  compression  at  the  same  time;  for  there  are  very  few 
springs  that  will  come  back  to  the  same  point  when  comi^ressed  as 
when  extended.  With  this  kind  of  spring  it  will  not  be  necessary 
to  grind  them  down  to  get  the  proper  correction.  They  can  be  short- 
ened or  lengthened  by  moving  the  fixed  support,  and  so  adjusted  very 
quickly  and  with  great  accuracy.  As  the  spring  is  but  a  straight, 
square,  tempered  steel  wire,  it  must  be  considerably  less  expensive 
than  the  present  sort. 

Among  the  various  sources  of  error,  there  is  one  arising  from 
change  of  temperature  in  the  spring.  This  placing  of  the  spring 
outside  the  piston-barrel  ought  to  help  that;  or,  at  least,  it  will  cer- 
tainly be  subject  to  a  lower  temperature  outside  than  in.  It  seems 
to  me  that  one  of  the  best  methods  of  avoiding  all  error  would  be 
to  take  on  each  card  a  pressure  as  well  as  an  atmospheric  line,  and 
then  adjust  a  scale  to  correspond  to  these  two  lines.  I  have  devised 
an  adjustable  scale,  to  use  in  the  place  of  all  the  scales  now  pro- 
vided, which  is  applicable  to  every  case.     It  is  shown  in  Fig.  8. 

Figure  9  shows  a  card,  one-half  the  real  size,  taken  from  a  6  x  12 
engine  at  330  revolutions.  It  was  taken  under  very  favorable  cir- 
cumstances, low  steam  being  brought  a  long  distance  through  un- 
covered pipes. 

Figure  10  shows  a  aird  taken  from  one  of  my  brother's  steam 
hammers  at  the  Sanderson  Bros.  Steel  Works  at  Syracuse.  The 
hammer  w'as  at  the  time  making  from  300  to  325  strokes  per  minute. 

I  have  become  so  accustomed  to  devising  what  I  suppose  to  be 
new,  and  then  learning  that  it  is  old,  that  I  shall  not  be  surprised  if 
told  before  I  leave  this  room  that  most,  if  not  all,  of  this  is  old; 
but  I  can  only  say  that  I  suppose  it  to  be  new  and  believe  it  to  be 
good. 
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APPENDIX. 

In  designing  the  indicator  the  problem  of  converting  the  motion 
of  the  piston  into  that  of  the  pencil-arm,  so  that  the  latter  should 
be  a  true  representative  of  the  former,  early  presented  itself.  The 
problem  may  be  stated  as  follows :  Given  two  points,  one  moving  on 
a  circle  and  the  other  on  a  straight  line;  required  a  mechanical  con- 
nection between  them,  preferably  of  link  work,  which  shall  cau<e 
them  to  simultaneously  describe  equal  increments  of  their  paths. 

It  is  evident  that,  if  in  Fig.  11,  a  6  represent  a  pitch-line  of  a  rack 
attached  to  tiie  piston,  and  the  arc  a  c  the  pitch-line  of  a  pinion  at- 
tached to  the  pencil-arm,  the  motion  would  be  a  proper  and  correct 
one.  If  the  line  a  b  equal  the  arc  a  c,  and  the  rack  be  moved  hi  the 
direction  of  its  length  till  b  comes  at  a,  c  will  then  evidently  also 
come  at  a.  From  this  we  can  derive  a  clear  idea  of  the  nature  of 
the  problem.  Some  means  must  be  found  that  shall  cause  c  and  6 
to  arrive  simultaneously  at  a.  In  other  words,  we  must  rectify  the 
arc  a  c  upon  the  line  a  b.  The  problem  was  solved  by  an  application 
of  Rankine's  rule  for  the  rectification  of  an  are.  The  rule  is  as  fol- 
lows :  Let  a  c,  Fig.  11,  be  the  arc,  and  a  b  its  tangent  at  a.  Di'aw 
the  chord  and  bisect  it.  Make  a  d  equal  to  one-half  of  the  chord. 
With  d  as  a  centre  and  c  d  as  a  radius  draw  an  arc  intersecting  a  b 
at  6  ;  then  a  6  is  the  straight  line  equal  to  the  arc  a  c.  If  now  a  b.  be, 
as  before,  the  line  of  motion  of  the  piston-rod,  and  the  arc  a  c  of  a 
point  in  the  pencil-arm,  and  a  projection  be  made  on  the  piston-rod 
which  shall  include  the  point  d,  and  a  link  be  made  which  shall  con- 
nect d  with  c,  evidently,  if  the  piston-rod  be  moved,  the  points  b 
and  c  must  reach  a  simultaneously,  since  they  are  at  equal  distances 
from  d.  Now,  it  is  evidently  unnecessary  that  the  piston  move  on 
the  line  a  b  and  have  a  projection  including  d,  but  it  may  pass 
through  d,  provided  only  its  direction  of  motion  be  parallel  to  a  b. 
We  have  thus  secured  a  practically  perfect  connection  for  a  motion 
equal  to  a  b,  but  it  will  not  be  perfect  for  motions  of  smaller  extent, 
since,  strictly,  each  new  arc  would  require  a  new  centre  and  a  new 
length  of  link.  It,  therefore,  only  remained  to  determine  the  error 
introduced  between  a  and  c,  and  see  if  its  extent  was  too  great  to  be 
allowed. 

Figure  5  represents  the  motion,  the  figure  being  a  photographic 
reduction  from  a  carefully  made  drawing  of  twice  the  scale.  Differ- 
ent positions  of  the  piston  are  shown.  For  each  of  these  the  cor- 
responding position  of  the  pencil-arm  was  determined.     The  arcs 
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incliuled  between  these  points;  and  the  point  a  were  then  rectified 
npon  the  straight  line  a  b  bv  Rankine's  rule,  a  new  centre  being  prop- 
erlv  taken  for  each  arc.  Upon  the  left  of  a  b  are  shown  the  actual 
positions  of  the  arm  as  determined  by  the  mechanism,  and  upon  the 
right  the  proper  positions  as  spaced  off  by  the  dividers.  It  will  be 
observed  that  the  entire  arc  swept  through  by  the  pencil  is  not  taken 
for  exact  rectification,  but  the  pencil  is  allowed  to  go  beyond  the  true 
point  of  rectification  till  the  errors  at  the  ends  of  the  motion  about 
equal  those  at  the  middle.  By  this  means  the  maximum  error  was 
considerably  reduced.  A  method  was  devised  of  still  further  reduc- 
ing this  error,  by  making  the  motion  exact  at  three  points  instead  of 
two,  but  the  above  slight  error  w'as  considered  a  smaller  evil  than 
the  weight  of  the  additional  moving  pieces  involved.  The  error  of 
the  motion  shown  in  Fig.  5  has  been  determined  mathematically, 
and  its  maximum  value  at  the  end  of  the  pencil-arm  found  to  be 
y.lgth  inch. 


THE  HUMBOLDT-POCAHONTAS  VEIN,  BOSITA,  COLORADO. 

BY  R.   XEILSON  CLARK,   ROSITA,    COLORADO. 

The  discovery  of  a  thin  pay  streak,  yielding  carbonates  of  copper, 
native  silver,  and  perhaps  chloride  of  silver,  was  made  on  the  9th 
of  April,  1874,  within  the  trachytic  belt  which  forms  part  of  the 
Sierra  Mojada.     The  discoverer  named  it  the  Humboldt  Mine. 

On  the  2d  of  May,  1874,  another  discovery  was  made,  in  a 
northwest  direction  from  the  Humboldt,  at  about  five  hundred  feet 
distant,  this  was  named  the  Pocahontas  Mine.  After  some  exploration 
these  two  discoveries  were  proven  to  be  on  the  same  vein.  To  the 
southeast  of  the  Humboldt  a  claim  had  already  been  taken  up, 
called  the  Virginia ;  and  to  the  northwest  of  the  Pocahontas,  one 
called  the  Southeast  Leviathan.  On  these  last  two  this  same  vein 
has  been  found  and  worked. 

This  paper  will  therefore  treat  of  the  Humboldt-Pocahontas  vein, 
as  worked  on  these  four  claims,  to  wit:  beginning  at  the  northwest, 
the  Southeast  Leviathan,  the  Pocahontas,  the  Humboldt,  and  the 
Virginia  claims.  Since  the  spring  of  1874,  there  has  been  sunk  on 
this  vein   a   total  of  twenty-seven    hundred  and   fourteen  feet   of 
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shaftings,  forty-six  hundred  feet  of  levels  have  been  driven,  about 
six  thousand  square  fathoms  have  been  mined,  and  over  one-half 
million  dollars  of  silver  have  been  sliipped.  The  vein  has  been 
proven  for  four  thousand  feet  of  workings. 

Since  so  much  notoriety  has  been  given  to  the  "Geognosy, 
Geography,  etc.,  of  the  Silver  Region  of  the  Sierra  Mojada,"  by 
the  very  popular  pamphlet,  published  in  1876  by  the  mineral  sur- 
veyor of  the  district,  I  cannot  approach  these  important  subjects 
without  great  delicacy,  yet  perhaps  a  few  words  would  not  be  amiss. 

The  Arkansas  River  after  debouching  from  its  grand  canon  flows 
about  south  70°  east  through  the  city  of  Pueblo.  Its  canon  at  Canon 
City  forms  the  northwest  limit  of  the  Sierra  Mojada  (the  West 
Mountains),  commonly  but  erroneously  called  the  Greenhorn  Range, 
the  name  of  its  most  important  peak  being  "  Greenhorn." 

This  range  has  an  approximate  trend  of  south  20°  east.  In  the 
wedge-shaped  piece  of  country  thus  formed  between  the  south  bank 
of  the  river  and  the  diverging  range  lies  the  Canon  City  coal  field. 
Much  discussion  has  taken  place  in  regard  to  the  geological  age  of  this 
coal.  Some  assert  it  to  be  Upper  Cretaceous,  others  Lower  Tertiary; 
for  my  own  part,  I  have  to  record,  after  years  of  daily  work  in  it,  that 
I  have  never  seen  a  single  Cretaceous  fossil  above  the  clay  bed,  which 
is  always  present  under  this  coal  basin  (which  dips  from  its  outside 
edge  to  a  common  centre  like  a  bowl),  nor  one  single  Tertiary  fossil 
below  it.  I  am  of  the  opinion  that  want  of  care  in  ascertaining  the 
exact  stratigraphical  position  of  the  fossils  has  led  to  all  the  volumin- 
ous discussion  of  the  subject ;  but,  be  this  as  it  may,  I  doubt  if  any 
paleontologist  would  deny  that  the  upper  sandstone  rocks  of  this 
coal  formatioTi  are  Tertiary.  These  upper  rocks  are  tilted  up,  as 
the  coal  beds  under  them  are,  against  the  range.  AVe  can  judge 
therefore  that  this  range  was  elevated  after  the  deposition  of  these 
coal  beds,  probably  during  the  Tertiary  period,  and  it  may  be  during, 
one  of  its  earlier  epochs. 

That  we  have  a  right  to  designate  two  apparently  similar  forma- 
tions as  being  of  the  same  age,  when  separated  by  nineteen  hundred 
miles,  simply  by  the  similarity  of  their  minerals  and  rocks,  seems  to 
me  to  be  a  conclusion  calling  for  grave  consideration  ;  there  is,  how- 
ever, every  similarity  between  the  red  granitic  rocks  forming  the 
Sierra  Mojada  and  the  rocks  of  the  Laurentian  period  of  Northeast- 
ern New  York,  even  to  the  frequent  occurrence  of  beds  of  magnetic 
iron.  On  the  western  slope  of  this  range,  forming  part  and  parcel 
of  it,    intermingling    its   broken    edges  with    the   granite,  lies  the 
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traohytie  formation  in  wliicli  is  found  the  Humboldt-Pocahontas 
vein.     It  seems  probable  tiierefore  that  it  belongs  to  the  Tertiary. 

This  belt  of  trachyte  has,  so  far  as  I  know,  never  been  measured  ;  it 
has  been  stated  that  it  is  fifteen  miles  long  by  three  wide.  I  think 
this  is  an  exaggeration.  It  varies  as  all  such  belts  do,  many  other 
rocks  being  found  in  it — andesite  and  dialogite  are  not  uncommon  ; 
and  to  the  northwest  of  the  Humboldt-Pocahontas  vein  brecciated 
trachyte  occurs.  In  one  of  the  peculiar-shaped  hills  of  this  material 
is  found  the  rich  segregation,  known  as  the  Maine  Mine,  OAvned  by 
Edward  Bassick,  Esq.,  which  is  now  yielding  about  S8000  a  month 
in  gold  and  silver.  This  deposit  is  about  fourteen  feet  by  twenty- 
one  feet.  The  shaft  takes  out  all  the  mineral  matter.  Its  minerals 
are  galena,  zinc-blende,  Mith  some  tellurides,  and  free  gold. 

To  the  southeast  pitchstone  is  found  ;  to  the  southwest  ash-beds, 
containing  those  peculiar  vegetable-shaped  nodules  of  quartzitic 
rock,  also  beds  valuable  for  building-stone,  being  easily  quarried 
and  dressed,  and  after  even  limited  exposure  becoming  hard. 

From  any  of  its  higher  peaks  one  can  roughly  trace  the  limits  of 
the  belt;  its  peaks,  whether  high  or  not,  are  easily  distinguished  by 
their  round  heads,  smooth  sides,  and  verdure,  from  the  broken  hills 
and  ranges  of  the  surrounding  granitoid  formation.  In  the  basin 
formed  by  the  higher  peaks  lies  the  Humboldt-Pocahontas  vein. 
Its  trend  is  about  north  50'^  west,  its  pitch  is  to  the  southwest, 
therefore  away  from  the  range  at  an  angle  varying  from  eighteen  to 
thirty  degrees. 

I  shall  now  describe  each  one  of  the  four  claims  in  detail ;  the 
reports  being  closed  on  work  performed  January  1st,  1878. 

The  Southeast  Leviathan. — This  company  has  worked  to  a  depth 
of  one  hundred  feet ;  its  drifts  and  shafts  show  the  usual  character- 
istics  of  the  vein.  It  appears  that  this  company  like  many  others 
has  not  the  means  to  fight  against  the  water  that  is  gaining  on 
them.  The  whim  hoist  is  of  good  character,  but  it  does  not  give 
them  the  advantages  which  even  the  cheapest  kind  of  steam  hoisting 
and  pumping  would  do. 

The  total  amount  of  shafting  is  171  feet;  of  drifting,  190  feet; 
of  tons  shipped,  perhaps,  50. 

The  currency  value  of  ore  shipped  is  $4300,  which  gives  per  ton 
the  value  of  $86. 

Its  boundaries  with  those  of  the  Pocahontas  overlap  slightly  ;  this 
causes  apparent  confusion  on  the  accompanying  sketch  (see  page  26). 

The  Leviathan  vein  has  also  been  worked  on  this  property. 
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The  Pocahontas  3Iine. — The  original  discovery  shaft  being  found 
to  be  within  the  Humboldt  property,  a  "miners'  meeting"  was 
held,  and  the  question  having  been  left  to  arbitration  the  overlap- 
ping two  hundred  and  thirty  feet  was  divided ;  each  one  of  these 
two  claims  became,  therefore,  1385  feet  long.  Two  shafts  were 
started  and  worked  by  whims  to  a  depth  of  about  175  feet,  where, 
after  passing  through  the  first  level,  they  met  the  second  level,  which 
was  connected  to  the  outside  by  a  tunnel  two  hundred  and  eighty 
feet  long.  These  two  original  shafts  have,  since  the  making  of  this 
connection,  been  used  only  as  air  shafts,  thus  obtaining  a  supply  of 
air  that  has  always  needed  checking.  A  main  vertical  shaft  was 
then  started  about  two  hundred  and  thirty  feet  to  the  west  and  south 
of  the  vein,  with  the  intention  of  cutting  it  at  a  depth  of  about  eight 
hundred  feet.  At  a  depth  of  one  hundred  and  forty-nine  feet 
an  adit  was  driven,  connecting  this  shaft  with  the  three-hundred- 
foot  level.  A  winze  passing  downward  on  the  vein  from  the  two- 
hundred  to  the  three-hundred-foot  level,  completed  the  circulation 
of  air  to  the  lowest  level.  The  shaft  is  now  seventy-one  feet  deeper. 
It  is  intended  to  drive  adits  from  it  to  the  vein  so  as  to  have  a 
system  of  levels  one  hundred  feet  apart.  Over  the  main  shaft  stands 
a  handsome  friction  hoisting-engine  and  boiler  of  thirty  horse  power; 
and  a  small  air  compressor,  worked  by  common  connection  with  the 
hoisting  engine,  produces  power  for  a  Knowles  pump,  which,  placed 
at  a  spring  near  by,  supplies  water  for  the  boiler.  The  mine  makes 
but  little  water  and  all  of  that  in  the  main  shaft.  All  of  this  work, 
together  with  the  chutes,  screens,  etc.,  are  very  neat;  they  were  all 
made  by  Frazier  and  Chalmers  of  Chicago.  The  main  shaft  is 
sixteen  feet  long  by  eight  feet;  it  is  divided  into  three  compartments, 
two,  six  by  eight,  for  hoisting;  one,  four  by  eight,  for  man  way;  it  is 
strongly  timbered. 

The  total  amount  of  shafting  is  090  feet;  of  drifting  is  1834  feet; 
of  stoping  is  2300  square  fathoms;  of  tons  shipped  is  2559. 

The  currency  value  of  ore  shipped  is  $317,477.51,  which  giv^es 
per  ton  the  value  of -^124,  and  per  square  fathom  the  value  of  $138. 

This  yield  does  not  include  the  waste-ore  dumps  nor  the  broken 
rock  in  the  slopes ;  the  owners  consider  that  these  will  become  of 
great  value  when  they  have  erected  their  own  dressing  and  reduc- 
tion works. 

Mr.  Allen  A.  Herr  has  kindly  given  me  the  following  statement 
taken  from  the  books  of  the  company,  to  which  I  have  added  the 
last  column. 
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Statemejit  of  Ore  sold  from  the  Pocahontas  3 fine  at  Mosita,  Colorado, 
from  September  29th,  1874,  to  January  1st,  1878. 


Year. 
1874, 

Wei 
Tons. 
67 

ight. 
Lbs. 
169 

Total  ounces. 
9,754.56 

Coin  value. 
$12,611,67 

Received 
from  Mills. 

$8,540.23 

Currency 
value. 

$14,188.13 

1875, 

639 

1553 

85,434.78 

110,45^.63 

73.318.03 

128,132.01 

187(5, 

760 

1788 

75,117.05 

97,118.83 

61,716.12 

106,830.71 

1877, 

1091 
2559 

790 
300 

50,815.00 

65,698.71 

27,673  53 

68,326.66 

221,121.39 

$285,887.84 

$171,247.91 

$317,477.51 

The  yield  in  1877,  was  principally  from  the  waste-ore  dumps, 
attention  being  given  to  sinking,  etc. 

T1\e  Humholdt  Mine. — This  claim  was  originally  sold  for  about 
twenty-five  dollars'  worth  of  pork,  flour,  etc.  When  the  shaft  was 
fourteen  feet  deep,  one-half  sold  for  one  hundred  dollars ;  when  one 
hundred  feet  deep,  one-eighth  sold  for  five  thou.sand  dollars;  and 
when  one  hundred  and  seventy  feet  deep,  one  half  sold  for  thirty-two 
thousand  dollars  cash.  This  last  transaction  took  place  in  Sep- 
tember, 1875.  During  the  following  month  the  Humboldt  Silver 
Mining  Company  was  organized  ;  this  company  purchased  the  title 
of  the  Humboldt  claim  together  with  the  South  Humboldt  and 
West  Virginia  claims,  these  claims  being  between  it  and  the  Vir- 
ginia Mine.  These  purchases  gave  the  company  about  nineteen 
hundred  feet  on  the  vein.  All  of  the  capital  stock  was  at  once 
issued  to  cover  the  purchase  of  the  real  estate ;  its  working  capital 
being  but  the  few  tons  of  ore  on  hand  at  time  of  purchase.  It  has 
never  called  for  any  assistance,  either  by  selling  stock,  as.sessments, 
loans,  or  overdrafts  against  ore  in  transit.  Its  history  is  therefore 
one  of  the  mo.st  remarkable  on  record. 

After  a  little  surface  ore  was  taken  out  by  drifting,  a  shaft  thirty 
feet  long,  for  double  hoist  and  manway,  was  started  on  the  vein. 
At  every  hundred  feet  levels  have  been  turned.  This  shaft  is 
now  down  four  hundred  and  twenty  feet.  The  engine  hoist  only 
permits  of  working  to  advantage  to  the  three-hundred-foot  level, 
but  new  machinery  will  soon  be  placed. 

As  shown  in  the  sketch,  the  vein  has  been  prospected  from  one 
end  to  the  other  of  the  property.  Throughout,  the  vein  has  been 
found  in  shape  with  the  exception  of  one  place,  as  shown. 

The  total  amount  of  shafting  is  1343  feet;  of  drifting  1885  feet; 
of  stoping  3100  square  fathoms  ;  of  tons  shipped  2105. 
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Shipped. 

Currency 

Received 

Tons.      Lbs. 

value. 

from  Mills. 

99     1384 

*  $43,749.52 

$28,677.05 

403    ■  563 

57,034.61 

39,211.02 

1477     1695 

98,109.35 

47,915.32 

1980     1G42 

$198,893.48 

$115,803.39 
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The  currency  value   of  ore  shipped  is  $225,604.15,  which  gives 
per  ton  the  value  of  $107,  and  per  square  fathom  the  value  of  $73. 


The  following  statement  is  from  the  books  of  the  company 


1875, 
187(5, 
1877, 


Before  the  organization  of  the  company  the  mine  had  yielded 
about  133|  tons,  containing  $26,710.67  currency  value,  for  which 
it  had  received  S16,341.67.  The  hoi.sting  machine  is  a  light  twelve- 
horse-power  engine,  geared  by  cog-wheels  to  a  wooden  drum.  At 
350  feet  deep  a  small  Ferrell  &  Jones  fly-wheel  pump  has  been 
placed,  with  a  one-inch  steampipe,  and  one  and  a  half  water  dis- 
charge ;  it  throws  nine  hundred  gallons  of  water  per  hour  a  vertical 
height  of  three  hundred  feet. 

On  the  southeast  end  of  the  property  a  thin  but  rich  parallel  vein 
is  also  worked ;  it  is  thirty  feet  oiF  on  the  foot-wall  side.  Many  be- 
lieve it  to  be  part  of  the  main  vein.  The  advancers  of  this  theory 
consider  all  intervening  rock  to  be  fissure  matter. 

The  Virginia  Mine. — Its  original  location  was  on  the  narrow 
streak  just  referred  to;  the  main  vein  was  soon  discovered  and 
worked.  The  main  shaft,  located  on  a  rich  chimney,  90  feet  from  the 
Humboldt  line,  was  about  80  feet  deep  when  the  property  was  pur- 
cha.sed  by  the  Virginia  Mining  Company  of  Rosita,  in  April,  1876. 
This  shaft  has  since  been  sunk  to  a  depth  of  355  feet. 

The  total  amount  of  shafting  is  510  feet;  of  drifting  700  feet; 
of  stoping  465  square  fathoms ;  of  tons  shipped  178f  tons. 

The  currency  value  of  ore  shipped  is  $18,547.85,  which  gives  per 
ton  the  value  of  $103,  and  per  square  fathom  the  value  of  $40. 

The  following  statement  is  from  the  books  of  the  company: 


1876,  . 

1877,  . 


Shipped. 
Tons.      Lbs. 

Currency 
value. 

Received 
from  Mills. 

55     1652 

$8,494.21 

$5,239.78 

104       187 

6,756.80 

2,567.64 

159     1839  $15,251.01  $7,807.42 
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To  this  must  be  added  for  returns  received  previous  to  the  organi- 
zation of  the  company  : 

Shipped.  Currency                      Received 

Tons.      Lbs.  value.                       from  Mills. 

1875, 10     1770  $2,200.84                $1,413.78 

1876, 8      .  .  .  1,096  00                      600.00 


Total, 178     1609  $18,547.85  $9,821.20 

The  company  exhausted  all  its  available  funds  while  working  in 
a  fault  found  both  in  the  level  to  the  southeast  and  in  the  shaft ;  this 
fault  is  similar  to  the  one  noted  as  occurring  in  the  highest  south- 
east level  of  the  Humboldt ;  and,  at  this  date.  May  1st,  in  the  next 
lowest  level.  The  last  fifteen  feet  of  sinking  in  the  main  shaft 
showed  the  vein  in  its  normal  condition.  The  wall  had  been  pitch- 
ing off  at  62°  from  the  perpendicular,  but  it  suddenly  changed  to 
30°,  this  last  figure  being  about  the  average  of  this  shaft  pitch  be- 
fore any  irregularities  were  noticed.  At  the  same  place  the  pay 
streak  came  in,  with  its  accustomed  gouge  of  soft  clay. 

The  machinery  of  the  Virginia  deserves  passing  notice,  on  account 
of  its  great  adaptability  for  working  prospecting  shafts,  especially 
under  the  disadvantages  of  high  freights  and  dangerous  wagon-roads. 
The  engine  and  boiler  were  made  by  Williamson  Bros.,  of  Phila- 
delphia, The  boiler  is  a  simple  strongly  built  locomotive  boiler, 
twelve  feet  long  by  forty  inches  in  diameter;  its  steam- dome  is  large, 
its  fire-box  five  feet  long.     It  supplies  the  engine  and  three  pumps. 

The  frict.ion-geared  engine  is  one  of  their  own  design;  it  is  self- 
contained,  the  cylinder,  etc.,  being  cast  on  the  bed-plate,  which 
is  five  feet  nine  inches  by  five  feet.  The  drum,  friction-gear,  and 
levers  work  inside  of  this.  The  cylinder  is  ten  inches  by  ten  inches, 
the  drum  thirty  inches  diameter.  The  boiler  feed-pump  is  one  of 
Ferrell  &  Jones's  fly-wheel  pumps.  The  total  weight  of  engine, 
boiler,  pump,  and  fittings  was  under  one  car-load. 

The  engine  having  been  .set  up  at  the  shops,  arrived  late  one  even- 
ing, heavy  timbers  having  been  prepared  to  receive  it.  The  next 
day  the  engine  was  unloaded,  the  third  day  it  started,  and  without 
any  trouble  did  duty.  The  only  patent  that  I  know  of  on  the  en- 
gine is  an  adjunct  steam  valve;  the  patentees  call  it  the  governor 
valve ;  it  is  connected  with  the  lever  which  throws  the  friction-gear 
in  connection,  so  that  when  the  lever  is  thrown  over  additional  steam 
is  gradually  admitted.  At  starting,  therefore,  the  motion  is  slow, 
and  at  the  same  time  the  friction-gear  does  not  grind ;  the  usual 
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lieavv  cutting  of  the  V  faces  is  thus  avoitled.  At  thirty  pounds 
boiler-pressure  the  engine  readily  hoists  twenty  barrels  of  water  an 
hour,  including  tilling  and  dumping,  from  a  depth  of  three  hundred 
and  fifty  feet.  It  is  easily  carried  on  a  single  wagon,  as  it  only 
weighs  a  little  over  two  tons. 

The  mine  pumps  were  furnished  by  the  Enterprise  Hydraulic 
AVorks  of  Philadelphia.  One  of  them,  a  number  five,  Ferrell  &  Jones 
fly-wheel  pump,  was  set  one  hundred  and  eighty-four  feet  deep.  Its 
steam-cylinder  is  ten  inches  by  ten  inches,  its  water-cylinder  four 
inches  in  diameter,  and  its  weight  about  seventeen  hundred  pounds. 
It  received  steam  through  a  one-and-a-half  inch  pipe,  and  discharged 
water  through  a  two-inch  pipe.  It  pumped  from  a  tunk  into  which 
all  the  water  from  above  was  collected,  and  it  had  an  easy  capacity 
of  twenty-five  hundred  gallons  an  hour  at  a  vertical  throw  of  one 
hundred  and  sixty  feet. 

Below  it  was  placed  a  Nye  vacuum  pump,  which  discharged  into 
the  above  tank.  It  was  lowered  into  the  sump  foot  by  foot  as  re- 
quired, being  easily  handled  by  two  men.  It  threw  about  seven 
hundred  gallons  an  hour  up  a  vertical  height  of  about  seventy  feet, 
using  an  inch  steam-pipe.  One  of  its  great  advantages  is,  that 
if  it  is  necessary,  the  mine  water  can  be  permitted  to  thoroughly 
flood  it,  for  it  works,  if  anything,  better  when  it  is  submerged. 

The  Ferrell  &  Jones  pump  was  assisted  by  Fould's  water  ele- 
vator, a  simple  arrangement,  that  permits  the  exhaust  pipe  to  pass 
into  the  suction  pipe,  thus  utilizing  the  exhaust  steam. 

This  plant  was  not  called  on  for  any  extreme  work,  but  it  is  wor- 
thy of  notice  that  all  the  machinery  was  worked  with  a  boiler  pres- 
sure of  about  fifty  pounds,  with  the  consumption  of  about  one  and 
a  quarter  cords  of  wood  each  twenty-four  hours ;  that  it  was  easily 
handled  and  did  not  get  out  of  repair. 

All  work  on  the  vein,  following  the  example  of  the  Humboldt, 
has  been  done  on  the  simple  long- wall  system.  This  has  saved  the 
frequent  driving  of  winzes,  and  gives,  as  usual,  more  perfect  ventila- 
tion, which  is  always  under  control.  Driving  drifts  usually  occa- 
sions the  greatest  trouble  to  all  managers,  but  by  this  system  pure  air 
is  always  kept  forward  ;  the  miners,  after  carrying  say  ten  to  twenty 
yards,  return  and  take  the  first  stope  down,  the  stulls  and  lagging 
are  at  once  placed  and  the  lagging  covered  by  the  refuse  of  a  higher 
stope.  The  return  thus  formed  is  connected  with  the  up-cast,  and 
the  circuit  is  complete.     It  is  easy  to  carry  air  by  this  means  five 
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hundred  feet ;  and,  at  the  same  time,  the  stopes  and  chutes  are  pre- 
pared for  work. 

The  higher-graded  ores  have  usually  been  shipped  to  Northern 
Colorado,  the  lower-graded  have  been  treated  at  Mallette  Works  at 
this  place,  or  at  the  Pennsylvania  Reduction  Works.  This  last 
company  was  organized  by  the  stockholders  of  the  Humboldt  and 
Virginia  companies,  in  order  that  they  could  receive  some  return 
from  their  low-graded  ores. 

The  process  is  chlorination  and  amalgamation,  and  it  yields  better 
results  than  was  expected.  The  mill  treats  about  one  hundred  and 
forty  tons,  its  full  capacity,  per  month.  Great  trouble  was  experi- 
enced at  the  start  in  roasting,  the  antimony  and  copper  in  the  ores 
interfering  with  the  chlorination  in  the  Bruckner  cylinder.  The 
introduction  of  a  steam  jet  at  the  back  of  the  fire-box  has  been  of 
great  advantage,  and  since  this  was  adopted  I  believe  the  mill  has 
made  average  savings,  its  record  on  cost  per  ton  being  very  good.  It  is 
found  that  more  silver  is  taken  up  than  is  chlorinated  in  the  cylin- 
ders; especially  is  this  so  when  time  is  given  to  the  grinding  in  the 
pans  before  the  introduction  o'f  the  mercury. 

The  amalgam  varies  very  much  in  fineness.  By  giving  time  and 
using  very  low  heat  at  the  start  on  the  retort,  it  is  found  that  the 
more  cupreous  sponge  is  found  to  be  on  top.  This  is  easily  sepa- 
rated by  a  chisel,  and  is  shipped  in  the  form  of  copper-silver  bricks 
to  the  Boston  &  Colorado  Works,  at  Black  Hawk,  Colorado.  The 
finer  bricks  are  shipped  to  New  York. 

Resume. 
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The  vein,  with  an  average  trend  of  north  50°  west,  conforms  to 
the  ]^art  of  tlie  range  in  which  it  occurs.  Its  hanging  wall  is  re- 
markably regular  and  smooth;  the  foot-wall  is  less  regular,  and  often 
swells  from  the  hanging  wall.  Many  insist  that  the  vein  is  at  least 
twenty-five  feet  thick  ;  they  assume  that  a  parallel  streak  occurring 
on  the  foot-wall  side  is  part  of  the  vein,  and  that  all  the  rock  between 
is  fissure  matter.  I  question  the  correctness  of  this  view,  for  in  most 
I)laces  both  walls  of  this  one  pay  streak  are  identical  in  all  respects, 
except  perhaps  smoothness  and  hardness.  The  gangue  is  a  soft  clay, 
easily  mined  as  a  gouge,  occurring  usually  towards  the  foot-wall ;  it 
is  undoubtedly  decomposed  trachyte,  usually  showing  the  character- 
istic color,  etc.,  of  that  portion  of  the  wall  against  which  it  lies.  The 
pay  streak  usually  lies  against  the  hanging  wall,  often  separated 
from  it  by  a  "clay  selvage.  It  is  always  accompanied  with  heavy 
spar  (remarkably  free  from  rhomb-spar),  and  galena  is  also  found. 
Generically  the  ore  is  a  barytic-tetrahedrite;  copper  and  iron  pyrites 
are  common,  together  with  stephanite  and  the  like.  The  more  val- 
uable specimens  are  the  antimonial  compounds  of  silver  and  rarely 
a  pseudomorph  of  tetrahedrite,  in  which  it  assumes  the  form  of  heavy 
spar.  The  ore  has  averaged  about  one  hundred  and  twelve  dollars 
a  ton,  and  a  small  percentage  of  copper  throughout  all  the  workings. 

I  have  drawn  in  the  sketch  (page  26)  the  hills  that  lie  immediately 
back  of  the  vein  with  sufficient  accuracy  to  show  their  dome-like  shape. 
Examination  does  not  give  the  slightest  reason  to  suppose  that  each 
one  was  of  separate  eruptive  action ;  on  the  contrary  the  slopes  of 
most  of  these  hills  run  into  each  other  as  smoothly  as  the  wind- 
hills  on  a  sand-beach.  They  have  the  appearance  of  owing  their 
present  shape  to  erosion.  This  idea  is  strengthened  by  the  finding 
in  the  two  valleys  that  pass  through  the  vein,  and  under  which  the 
workings  have  penetrated,  an  entirely  different  character  of  rock.  It 
is  only  under  these  valleys  and  in  this  extraneous  rock  that  the  vein 
has  shown  even  the  slightest  fault. 

The  locations  of  these  faults  are  shown  on  the  sketch  ;  the  one  is 
on  the  Humboldt,  the  other  on  the  Virginia  property.  There  is  no 
appearance  of  any  especial  disturbance  at  either  place ;  but,  on  the 
contrary,  the  fissure  appears  simply  to  have  attempted,  while  it 
M'as  opening,  to  keep  its  usually  good  reputation  for  straightforward- 
ness and  a  single  course,  but  utterly  failed  in  this,  to  it,  strange 
rock. 

The  vein-matter  is  always  in  these  places  of  the  very  poorest 
character  and  of  no  value.     This  rock  might  be  called  a  melaphyr; 
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its  coarseness  prevents  my  giving  it  any  name  that  would  be  recog- 
nizable. Chlorite  occurs  in  it  in  large  masses,  and  a  dark-red  impure 
dialogite  (carbonate  of  manganese)  is  one  of  its  constituents.  That 
these  two  valleys  have  been  formed  where  this  heterogeneous  rock 
occurs  is  positively  proven,  and  since  the  vein  is  also  out  of  condition 
at  these  places,  it  might  be  well  for  the  miners  of  tliis  district  to 
beware  of  working  in  the  flats  except  at  great  depth. 

At  those  places  where  the  vein  has  been  worked  under  high  points, 
it  has  always  been  found  to  be  strong  and  reliable;  for  example,  the 
main  workings  of  the  Pocahontas  and  Humboldt,  and  the  furthest 
southeast  shaft  of  the  Virginia,  when  ore  within  fifteeu  feet  of  the 
surface  yielded  at  the  mill  one  hundred  and  fifty  ounces  per  ton. 

Constant  examination  of  the  vein-matter  has  led  me  to  the  follow- 
ing conclusions  in  regard  to  its  formation.  It  would  appear  that 
the  fissure  was  at  first  very  narrow ;  the  action  of  water  gradually 
filled  it  with  a  clay  formed  from  the  decomposition  of  the  walls. 
This  clay  still  remains  in  many  places  as  a  selvage  against  the  hang- 
ing wall,  and  shows  by  the  markings  on  it,  usually  more  or  less  per- 
pendicular, that  subsequent  movements  of  the  walls  took  place. 

Another  gaping  followed,  and  the  barytic  ores  were  deposited. 
Every  specimen  of  rock  that  I  have  been  able  to  find,  away  from 
surface  action  and  from  any  known  vein,  as  well  as  specimens  taken 
from  near  veins,  has  contained  heavy  spar  and  some  one  or  the  other 
of  the  copper  or  lead  minerals,  as  seen  under  the  microscope.  It 
seems  possible,  therefore,  that  this  vein- matter  is  but  a  concentration 
of  these  small  particles  of  ore.  The  possibility  of  barytic  spar  be- 
ing dissolved  by  and  deposited  from  mineral  waters,  I  think  has  been 
proven  by  Sanberger,  and  to  this  may  be  added  that  in  testing  the 
water  from  the  springs  in  this  neighborhood,  I  have  always  detected 
baryta,  usually,  I  think,  as  a  carbonate.  The  other  minerals  can  be 
so  moved  without  doubt. 

Segregation  and  crystallization  then  followed,  the  streak  usually 
remaining  against  the  hanging  wall,  and  the  space  thus  formed  was 
filled  by  the  clay  eroded  from  the  walls.  This  clay  is  the  gangue  of 
the  vein.  Quartz  is  never  present,  excepting  in  minute  crystals.  It 
is  possible  that  subsequent  openings  took  place,  but  they  were  proba- 
bly confined  to  limited  portions  of  the  vein. 

The  presence  of  boulders  in  the  vein  is  frequent;  they  vary  from 
one  inch  to  six  inches  through.  One  taken  from  the  Virginia  shaft 
at  a  depth  of  three  hundred  and  five  feet  is  remarkable  in  showing 
the  different  characters  of  the  rocks  described  above  when  speak- 
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inrr  of  the  fault,  not,  however,  intermingled,  as  one  would  expect,  but 
in  layers  and  masses.  This  boulder  is  full  six  inches  in  diameter, 
and  has  the  coarseness  of  texture,  etc.,  of  the  foot-wall  rock  against 
which  it  was  formed,  a  rule  that  all  I  have  observed  follow. 

RosiTA,  Colorado,  May  10th,  1878. 


THE  MODE  OF  COMBUSTIOX  IN  THE  BLAST-FURNACE 

HEABTH. 

BY   PEOr.    JOHN   A.    CHURCH,   E.   M.,  COLUMBUS,  OHIO. 

It  is  a  well-known  fact  that  under  similar  conditions  a  ton  of  pig 
iron  can  be  made  from  any  ore  with  less  fuel  when  charcoal  is  used 
than  when  coke  or  anthracite  is  employed  for  heating.  The  cause 
of  this  superiority  is  entirely  undiscovered,  and  no  explanation  has 
yet  been  offered  which  has  won  even  temporary  acceptance.  Such 
as  they  are  the  hypotheses  heretofore  presented  are  of  two  general 
kinds,  and  they  come  from  those  two  divisions  of  the  working  force 
which  are  so  often  antagonistic  in  all  professions,  the  scientific  and 
the  practical  men. 

The  theory  of  the  scientific  men  is  drawn  from  the  chemical  reac- 
tions, which  are  known  to  go  on  in  the  furnace,  and  it  is  well  ex- 
pressed in  a  recent  paper  by  Prof.  Akerman,  of  the  Stockholm 
(Sweden)  School  of  Mines.  It  makes  the  superiority  of  charcoal  as 
a  fuel  in  the  blast  furnace  to  depend  upon  its  quick  and  thorough 
reduction  of  carbonic  acid.  This  property  belongs  to  charcoal 
in  virtue  of  its  porous  structure.  Its  cells  have  a  diameter  of  only 
one  twenty-four  hundredth  of  an  inch,  and  one  grain  of  charcoal  has 
been  computed  to  have  a  surface  of  two  and  four  tenths  square  feet. 
According  to  the  theory  in  c^uestion,  carbonic  acid  is  formed  by  the 
first  impact  of  the  air  upon  the  fuel;  but  in  charcoal  furnaces  the 
acid  is  immediately  reduced  to  oxide  by  taking  the  necessary  amount 
of  carbon  into  combination,  and  the  gas  reaches  its  highest  reducing 
power  even  in  the  near  vicinity  of  the  tuyeres.  Coke,  being  harder, 
does  not  produce  so  strong  a  reducing  gas  in  that  part  of  the  fur- 
nace. Carbonic  acid  is  formed  as  in  the  case  of  charcoal,  and  remains 
longer  before  its  reduction  to  oxide  is  completed.     Anthracite  is  the 
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most  dense  fuel  known,  and  resists  the  attack  of  the  carbonic  acid 
longer  than  coke.  These  facts  are  pointed  to  by  Prof.  Akerman 
and  other  scientific  men,  not  so  much  as  a  full  explanation  of  the 
higher  consumption  of  the  two  dense  fuels  in  comparison  to  the 
porous  one,  but  as  the  probable  source  from  which  such  an  explana- 
tion is  to  be  drawn.  Admitting  the  instantaneous  reduction  of  car- 
bonic acid  before  ttte  tuyeres,  it  is  still  difficult  to  understand  how 
this  can  affect  the  consumption  of  coal  when  all  the  researches  show 
that  the  ore  is  just  as  completely  reduced  twenty  feet  or  more  above 
the  tuyeres  as  it  is  at  any  point  in  the  furnace.  Up  to  the  moment 
of  fusion  it  contains  a  small  amount  of  oxygen,  estimated  by  Bell  at 
one  per  cent.,  which  is  removed  in  the  act  of  fusion  by  the  deposited 
carbon  with  which  it  is  in  intimate  contact;  but  with  that  exception 
reduction  is  completed  in  the  upper  half  of  the  stack. 

The  practical  men  in  the  profession  seem  to  be  mostly  unanimous 
in  thinking  that  the  high  consumption  of  dense  fuels  has  some  de- 
pendence upon  their  slower  rate  of  combustion.  It  is  generally  ad- 
mitted that  anthracite  burns  less  rapidly  than  coke  or  charcoal,  and 
as  a  certain  weight  of  carbon  must  be  oxidized  in  each  second  to 
maintain  the  heat  required,  they  say  that  there  must  be  more  of  the 
dense  fuel  present  to  make  up  for  the  slower  combustion  of  each 
piece.  The  relation  of  slow  combustion  to  increased  fuel  consuuip- 
tion  has  not  been  very  clearly  stated,  perhaps  because  the  fallacy  of 
the  logic  that  connects  them  is  too  plain.  Slower  combustion  indi- 
cates the  necessity,  not  of  more  fuel,  but  of  larger  hearths,  which 
will  contain  more  pieces,  and  present  more  surface  of  carbon  to  the 
air.  If  the  ignition  of  a  fixed  quantity  of  carbon  in  one  second  is 
all  that  is  required,  it  will  not  be  necessary  to  increase  the  fuel  in 
proportion  to  the  ore,  but  merely  to  present  the  physical  conditions 
which  are  necessary  for  burning  as  much  carbon  of  the  dense  fuel  in 
one  second  as  of  the  porous  fuel.  In  that  case  the  blast  would  be 
constant,  but  it  is  well  known  that  anthracite  furnaces  require  much 
more  wind  than  coke  or  charcoal  stacks. 

But  the  scientific  explanation  is  equally  fallacious.  It  is  based 
upon  experiments  which  cannot  recommend  themselves  as  a  founda- 
tion for  accurate  deduction.  I  think  no  one  acquainted  with  blast 
furnaces  can  readily  acknowledge  that  trustworthy  gas  analyses  can 
be  obtained  from  the  centre  of  the  crucible  or  the  point  where  the 
heat  of  the  furnace  is  highest.  The  logic  of  this  theory  is  also  the 
worst  possible. 

Combustion  gives  the  most  heat  and  the  highest  temperature  when 
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the  prcKluct  is  carbonic  acid.  Reduction  of  this  acid  to  oxide  is  a 
cooling  process,  being  always  accompanied  by  absorption  of  heat. 
Now  if  the  dense  fuel  allows  the  least  of  this  reduction  in  the  cruci- 
ble, it  ought  to  secure  the  highest  heat  there.  That  is  to  say,  the 
crucible  of  the  anthracite  furnace  should  be  hotter  than  the  crucible 
of  a  charcoal  furnace,  using  an  equal  weight  of  fuel  and  with  the 
Same  ores.  But  that  proposition  we  know  is  untrue.  Anthracite 
furnaces  use  much  more  coal  than  charcoal  stacks,  even  when  work- 
ing under  conditions  which  are  nearly  similar.  In  the  paper  on  the 
Velocity  of  Blast  Furnace  Gas,  presented  to  this  Institute  at  the 
Dover  Meeting  in  May,  1875  [Transactions,  vol.  iv.  p.  119),  I 
showed  the  following  comparative  results  of  the  two  furnaces  work- 
ing on  Lake  Superior  ores,  one  using  charcoal  and  the  other  anthra- 
cite. 

Elk  Rapids.  Fletcher. 

Charcoal.  Anthracite. 
Ore,  per  ton  pig;  tons,  .....       1.613  1.730 

Limestone,  " 0.145  0.G17 

ChiircoMl,  " 0.884  .... 

Anthracite,  " 1.427 

Average  yield  of  ore,      .....     62.0  57.8 

Average  grade  of  pig,     .....       1.05  2.11 

The  Fletcher  anthracite  furnace,  therefore,  used  0.117  ton  of  ore, 
0.472  ton  of  limestone,  and  0.543  ton  of  coal  more  than  th^  char- 
coal furnace.  The  ore  used  in  the  anthracite  furnace  was  not  so  rich 
by  4.2  per  cent,  as  that  of  its  rival;  but  it  also  produced  a  pig 
metal  which  was  lower  by  1.06  numbers.  Furthermore  it  did  not 
work  on  anthracite  alone,  0.371  ton  of  its  fuel  being  coke.  This 
addition  of  coke  and  reduction  in  the  grade  of  the  product  may  be 
assumed,  without  close  calculation,  to  offset  the  better  quality  of  ore 
in  the  Elk  Rapids  furnaces  so  far  as  the  expense  of  heat  in  fusion 
alone  is  concerned.  We  then  have  0.472  ton  of  limestone  and 
0.543  ton  of  fuel  more  in  the  anthracite  than  in  the  charcoal  fur- 
nace; and  we  may  confine  our  calculation  to  the  difference  in  the 
burden  of  limestone.  The  0.472  ton  of  flux  contains  56.64  lbs.  of 
carbon,  and  the  fuel  will  lose  a  corresponding  amount.  The  heat 
absorbed  in  this  process  will  require  87  pounds  of  coal,  if  we  assume 
that  the  average  heat  of  production  is  one-third  the  jnaximum  of 
pure  carbon.  To  expel  the  carbonic  acid  172  lbs.  of  coal  will  be 
required  under  the  same  supposition.  These  tiiree  quantities  sum 
up  316  lbs.,  or  0.141  ton,  and  we  may  look  upon  the  remainder  of 
the  difference  (0.543—0.141)  0.402  ton,  or  900  lbs.  of  anthracite 
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per  ton  of  pig,  as  probably  representing  the  nearly  inherent  differ- 
ence between  the  two  fuels.  There  can  be  little  doubt  that  this  dif- 
ference would  be  enormously  increased  if  the  Elk  Rapids  furnace 
with  its  1905  cubic  feet  capacity  were  to  be  fed  with  anthracite,  and 
driven  to  make  29.75  tons  of  pig  in  twenty-four  hours.  Or  looking 
at  the  subject  from  another  point  of  view,  there  can  be  little  doubt 
that  the  Fletcher  furnace,  with  its  4193  cubic  feet  of  capacity,  would 
quickly  chill  throughout,  if  900  lbs.  of  anthracite  per  ton  of  pig 
were  subtracted  from  its  charge,  and  it  Avere  still  driven  to  produce 
25.27  tons  of  metal  as  a  constant  daily  average.  It  would  not  have 
heat  enough  for  its  work  either  in  the  hearth  or  anywhere  else. 

Returning  to  the  two  theories  which  have  been  spoken  of  it  will 
be  observed  that  both  of  them  recognize  the  fact,  that  the  difference 
between  the  fuels  is  confined  to  their  action  in  the  hearth  of  the 
furnace.  Stated  in  a  few  woi'ds,  the  explanation  of  the  chemists  is, 
that  the  charcoal  furnace  is  better  because  it  has  a  strong  reducing 
gas  in  the  hearth ;  and  the  explanation  of  the  practical  men  is,  that 
the  charcoal  furnace  is  better  because  it  has  higher  temperature  in 
the  same  region,  both  propositions  being  based  upon  the  assumption 
of  equality  in  weight  of  fuel,  rate  of  driving,  and  all  other  con- 
ditions. 

In  this  day  when  theory  rises  upon  theory  from  every  point  of 
scientific  view,  it  is  with  some  regret  that  I  feel  compelled  to  reject 
the  explanations  mentioned  above,  and  offer  one  that  is  every  way 
new.  But  I  think  my  hearers  will  agree  that  the  occasion  demands 
it.  It  is  assumed  that  no  theory  can  be  conclusive  which  does  not 
satisfy  the  following  conditions: 

That  for  a  giv^en  weight  of  fuel  the  well  of  the  charcoal  furnace 
is  hotter  than  that  of  the  coke  or  anthracite  furnace. 

That  more  fuel  reaches  the  lower  part  of  an  anthracite  furnace 
than  of  a  coke  or  charcoal  furnace. 

The  explanation  offered  as  sufficient  to  satisfy  these  conditions, 
leans  more  to  the  time  theory  of  practical  furnacemen  than  to  the 
carbonic  acid  reduction  theory  of  the  chemists.  It  depends  upon 
the  different  igniting  powers  of  the  three  solid  fuels,  and  it  draws 
the  attention  away  from  the  fuel  in  order  to  fix  it  upon  the  behavior, 
of  the  air.    ,1  hold  that — 

The  highest  carbon  duty  is  given  by  the  fuel  which  ivithdraivs  the 
most  oxygen  from  the  blast  in  a  given  space  of  time. 

In  other  words,  the  carbon  duty  of  a  fuel  is  proportional  to  its 
power  of  combustion  iu  extremely  dilute  oxygen. 
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Let  lis  consider  what  takes  place  wlien  air  is  blown  forcibly  into  a 
mass  of  incandescent  fuel.  Air  is  a  mixture  of  nitrogen  and  oxygen, 
and  the  proportion  of  the  latter  is  such  that  it  is  eagerly  absorbed  by 
many  substances.  One  of  these  is  carbon  when  its  temperature  is 
elevated.  This  igniting  power  of  carbon  varies  decidedly  with  the 
fuel.  Charcoal  is  most  easily  ignited,  a  match  or  a  few  shavings 
being  sufficient  to  set  it  in  combustion.  Anthracite  requires  a  mass 
of  live  coals  or  the  flame  of  a  considerable  quantity  of  wood  for  its 
iiXnition. 

It  is  to  be  observed  that  the  proportion  of  oxygen  in  the  air  is  a 
very  important  point.  Even  with  a  fuel  so  easily  ignited  as  a 
candle,  the  flame  ceases  when  eight  or  ten  per  cent,  of  carbonic  acid 
is  present,  and  candles  are  extinguished  every  day  in  our  mines 
from  this  cause.  We  cannot  attribute  this  loss  of  igniting  power 
to  the  lowering  of  temperature  due  to  reduction  of  the  carbonic  acid 
by  the  flame,  for  even  with  eight  or  ten  per  cent,  of  the  impurity 
the  oxidizing  power  of  the  air  is  still  too  marked  to  permit  the  sup- 
position that  such  reduction  can  go  on.  It  is  more  probable  that 
the  carbonic  acid  acts  as  an  inert  substance  replacing  the  same 
quantity  of  oxygen.  The  action  is  probably  one  of  dilution  merely, 
and  we  may  correctly  summarize  the  facts  by  saying,  that  when  the 
oxidizing  power  of  the  air  has  been  reduced  by  removing  ten  per 
cent,  of  its  oxygen,  a  candle  will  no  longer  give  a  flame  though  its 
wick  continues  to  glow. 

In  the  blast-furnace  hearth,  where  the  heat  is  intense  and  the  com- 
bustible is  already  incandescent,  fuel  of  any  kind  is  in  a  condition  to 
take  up  the  atmospheric  oxygen  quickly,  so  long  as  its  proportion  to 
the  nitrogen  is  maintained  within  a  certain  limit.  But  if  the  ex- 
planation  here  advanced  is  a  true  one,  that  limit  must  be  reached 
within  a  short  distance  of  the  tuyeres.  Even  a  foot  or  two  from  the 
nozzle  the  gas  can  no  longer  be  air,  but  must  be  a  much  weaker  di- 
lution of  oxygen  than  it  was  when  it  entered  the  hearth.  That 
change  in  the  composition  of  the  blast  completely  alters  the  condi- 
tions of  combustion  for  the  fuel  through  which  it  passes  subse- 
quently. 

Almost  any  fuel  would  take  up  oxygen  eagerly  from  a  gas  that 
contained  twenty-three  per  cent,  of  it,  but  when  the  proportion  is 
reduced  to  ten  per  cent.,  or  to  some  other  limit  not  yet  fixed,  the 
fuel  that  combines  with  oxygen  most  readily  begins  to  assert  its 
superiority. 

It  withdraws  the  greatest  proportion  of  the  oxygen  from  the  air 
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while  the  blast  is  still  in  the  neighborhood  of  the  tuyeres,  and  this 
is  the  reason  why  a  given  weight  of  charcoal  makes  a  hotter  crucible 
than  the  same  weight  of  carbon  in  any  other  form.  (This  is  the  first 
of  the  requirements  given  above.)  We  are  not  to  suppose  that 
charcoal  burns  as  well  in  an  atmosphere  containing  only  ten  per 
cent,  of  oxygen,  as  in  one  that  has  more  than  twice  that  proportion. 
But  it  seems  to  burn  with  much  more  avidity  than  coke  or  anthra- 
cite under  these  conditions,  and  it  is  to  this  power  of  burning  in  a 
weakly  oxidizing  atmosphere  that  charcoal  owes  its  immense  su- 
periority over  all  other  fuels. 

Time  is  a  necessary  element  in  the  problem,  because  when  com- 
bined with  velocity  it  represents  a  certain  path  or  distance  travelled 
by  the  air  during  the  time  its  oxygen  is  burning  the  carbon.  And 
that  fuel  is  the  best  which  allows  the  oxygen  the  shortest  path 
before  it  is  completely  absorbed,  because  in  that  case  the  greatest 
portion  of  the  path  is  included  in  the  fuel  below  the  zone  of  fusion, 
and  more  heat  is  produced  below  this  zone. 

Charcoal  with  its  porous  structure  offers  the  greatest  surface  for 
oxidation,  while  its  great  bulk  reduces  the  amount  of  mine,  and  ac- 
cordingly of  work  to  be  done,  in  a  zone  of  fusion  of  given  capacity. 
These  are  the  physical  conditions  which  make  it  a  better  abstracter 
of  oxygen  from  the  blast  than  its  competitors. 

The  state  of  things  is  very  different  in  an  anthracite  furnace. 
That  fuel  combines  readily  enough  Avith  the  blast  so  long  as  it  is 
rich  in  oxygen,  but  when  a  certain  limit  is  reached  in  the  proportion 
of  this  element  the  combustion  becomes  very  slow,  and  the  last  por- 
tions of  oxygen  are  carried  up  into  the  boshes  and  consumed  there, 
away  from  the  zone  of  fusion.  This  oxygen  which  is  thus  carried 
too  far  represents  a  given  quantity  of  carbon  which  failed  to  burn 
in  the  crucible,  but  which  must  be  burned  there  in  order  to  obtain 
the  requisite  temperature.  To  burn  it  an  increased  amount  of  air 
must  be  blown  in,  and  when  its  oxygen  has  been  reduced  from  the 
normal  proportion  we  have,  it  is  true,  obtained  the  necessary  heat  in 
the  crucible,  but  only  by  loading  the  furnace  with  a  quantity  of 
unused  oxygen  which  is  gradually  consumed  above  the  zone  of 
fusion.  To  provide  for  this  combustion  an  increased  quantity  of 
fuel  has  to  be  charged. 

It  might  be  possible  to  follow  this  oxygen  through  the  upper 
zones  of  the  stack  and  trace  its  effect  upon  the  operations  there.  But 
it  is  sufficient  now  to  say  that  the  first  result  would  be  the  addi- 
tion of  heat  to  the  materials  just  before  they  entered  the  zone  of 
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fusion,  and  tliat  this  advantage  might  be  entirely  neutralized  if  the 
gases  were  left  hot  enough  to  increase  the  amount  of  carbonic  acid 
reduced.  In  fact  the  latter  action  migiit  more  than  neutralize  the 
gain  obtained  by  the  regenerative  action  of  the  materials,  and  com- 
pel the  addition  of  fuel  to  compensate  for  the  loss.  The  fact  that 
anthracite  furnaces  require  so  much  more  carbon  than  charcoal 
stacks  indicates  the  probability  of  some  action  of  this  kind. 

On  entering  the  furnace  the  blast  is  subjected  to  two  forces,  one  of 
horizontal  propulsion  from  the  nozzle,  and  one  of  vertical  propul- 
sion, due  to  the  fact  that  its  point  of  discharge  is  placed  above  its 
point  of  entrance.  Its  path,  the  resultant  of  these  two  forces,  is  a 
curve.  The  combustion  or  abstraction  of  its  oxygen  takes  place, 
along  this  curved  path,  and  in  wide  hearths  filled  with  anthracite  it 
is  possible  that  the  centre  or  axis  of  the  crucible  may  contain  mate- 
rial that  is  merelv  incandescent,  the  air  that  reaches  it  not  beino-  rich 
enough  to  ir^intain  the  temperature  of  fusion.  In  charcoal  fur- 
naces this  central  portion  would  be  hotter  from  the  greater  ability  of 
the  fuel  to  combine  with  oxygen  when  in  a  state  of  dilution. 

The  two  examples  drawn  from  anthracite  and  charcoal  practice 
for  the  purpose  of  ascertaining  the  approximate  superiority  of  char- 
coal when  working  under  conditions  nearly  similar,  do  not  fairly 
represent  the  possibilities  of  hard  coal.  Mr.  Witherbee  has  given 
the  Institute  an  instructive  example  of  the  economy  Avhich  can  be 
obtained  from  anthracite  under  conditions  which  are  not  at  all  favora- 
ble to  economy.  With  an  ore  yielding  about  fifty-three  per  cent,  of 
pig  metal,  and  requiring  0.714  ton  of  limestone,  he  has  reduced  the 
item  of  fuel  to  1.393  ton  of  anthracite,  and  recently,  I  believe,  to 
about  1.2  ton.  Mr.  Firmstone  has  obtained  just  as  good  results  at 
Glendon.  Under  the  circumstances  the  practice  in  these  two  cases 
must  be  considered  as  good  as  that  of  the  charcoal  stacks,  and  a  con- 
sideration of  the  methods  by  which^this  result  has  been  obtained 
shows  that  they  all  point  to  one  thing, — increase  of  oxygen  absorp- 
tion in  the  hearth. 

The  improvement  has  been  threefold:  increase  of  height  and  ca- 
pacity of  the  stack ;  increase  of  heat  in  the  blast ;  and  increase  of 
capacity  in  the  hearth. 

The  first  two  of  these  improvements  raise  the  temperature  of  the 
two  elements  of  combustion  and  thus  assist  their  combination.  The 
third  lessens  the  velocity  of  the  blast  in  the  hearth,  and  thus  in- 
creases the  time  of  contact. 

The  present  efficient  means  of  heating  the  blast  may  enable  the 
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hard-coal  furnaces  to  approach  still  nearer  their  rivals,  especially  as 
the  charcoal  men  appear  to  be  pretty  near  the  end  of  their  improve- 
ments. When  a  furnace  produces  a  ton  of  pig  metal  by  the  combus- 
tion of  17.68  cwts.  of  a  fuel  that  has  been  proved  to  contain  from 
25  to  35  per  cent,  of  volatile  matter,  leaving  say  13|  cwts.  of  carbon, 
the  minimum  cannot  be  far  off  even  with  ores  that  contain  62  per 
cent,  of  iron  and  only  fusible  silicates  for  gangue. 

When  we  consider  the  state  of  facts  as  they  exist  in  the  working 
of  a  furnace,  we  shall  see  that  they  support  the  views  here  advanced. 
Of  the  three  solid  materials  charged  into  a  furnace,  two  are  fusible 
when  brought  in  combination,  and  possibly  they  are  so  when  sub- 
jected alone  to  the  high  heat  of  the  hearth.  They  are  the  ore  and 
the  flux.  The  other,  the  fuel,  is  infusible.  In  its  descent  the  ore 
becomes  altered  into  iron  sponge,  which  is  probably  not  fusible  at 
any  point  in  the  furnace,  except  at  that  zone  where  the  freshly 
formed  carbonic  oxide  from  the  hearth  meets  the  highly  heated 
sponge.  When  the  gangue  consists  of  fusible  silicates  it  is  possible 
they  may  be  melted  out  of  the  sponge  above  the  zone  of  fusion,  and 
thus  the  effectiveness  of  that  zone  be  increased.  But  at  all  events 
at  that  point  the  iron  itself  melts,  and  all  the  fluid  materials,  running 
to  the  bottom,  collect  in  the  crucible,  leaving  nothing  to  All  the  space 
above  the  bath  and  below  the  zone  of  fusion  but  the  fuel.  That 
cannot  be  melted,  and  accumulates  in  the  well  until  it  is  removed 
by  combustion.  It  is  perfectly  evident  that  the  height  of  this  mass 
of  fuel  in  a  given  furnace  will  depend  upon  the  amount  of  oxygen 
burned  in  the  well  per  second,  the  proportion  of  mine  to  the  carbon 
in  the  fuel,  and  the  relative  fusibility  of  the  gangue  in  the  oi'e. 
Other  things  being  equal  an  infusible  gangue-like  quartz  will  give  a 
lower  column  of  fuel  in  the  well  than  a  fusible  one  like  any  of  the 
silicates;  for  the  reason  that  it  may  remain  unmelted  by  the  accu- 
mulation of  heat  in  its  descent  through  the  furnace,  and  require  the 
aid  of  freshly  formed  carbonic  oxide  as  the  iron  sponge  does.  The 
hot  gas  from  the  hearth  will  therefore  not  be  able  (unless  increased 
in  quantity)  to  produce  fusion  over  so  wide  an  area,  when  part  of  its 
heat  goes  to  melt  the  gangue,  as  when  it  is  free  from  that  duty  and 
has  nothing  but  the  iron  sponge  to  melt. 

There  is,  therefore,  a  double  disadvantage  in  these  infusible 
gangues.  They  take  more  heat  to  melt  them,  and  consequently  add 
to  the  fuel  required,  and  they  also  reduce  the  column  of  fuel  in  the 
well,  which  lessens  the  contact  of  the  blast  with  the  fuel.  If  it  is 
desired  to  restore  the  zone  of  fusion  to  the  same  heisiht  and  area 
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that  it  would  have  with  a  more  fusible  gangue,  more  fuel  must  be 
added. 

Precisely  the  same  result  is  produced  by  the  use  of  a  deu?e  fuel, 
incapable  of  rapid  combustion  except  in  ])reseuce  of  a  highly  oxy- 
genated bhist.  Less  oxygen  is  consumed  for  a  given  height  of  the/ 
fuel  column,  less  heat  of  course  produced,  and  the  area  over  which 
fusion  can  be  maintained  is  again  reduced,  and  the  line  of  fusion  falls 
down  the  sloping  boshes  until  a  proper  balance  is  obtained  between 
area  and  height. 

The  old  notion  of  fusion  "  before  the  tuyeres,"  or  anywhere  in  their 
neighborhood,  is  not  to  be  entertained.  Mr.  John  F.  Bennett,  in  his 
admirable  article  on  the  "Construction  of  Blast  Furnaces,"  pub- 
lished in  the  Metallurgical  Review,  for  March,  1878,  seems  to  be 
much  nearer  the  truth  in  placing  the  zone  of  fusion  about  twelve 
feet  from  the  sole,  and  eight  feet  or  thereabouts  above  the  tuyeres. 
(These  dimensions  are  only  approximate,  and  inferred  from  the 
drawings  published  with  the  article.)  We  must  regard  the  blast 
furnace  as  a  fire  fed  with  fuel  and  ore  by  means  of  a  vertical  tube 
raised  over  the  fire-place,  and  in  which  the  fuel  finally  separates 
from  the  ore  and  flux  by  virtue  of  its  infusibility,  and  collects  in 
one  place. 

It  is  always  difficult  to  reason  from  a  scientific  explanation  to 
matters  of  practice.  But  in  the  arts  such  reasoning  is  necessary,  and 
it  is  also  the  best  test  of  theory.  It  is  therefore  for  the  purpose  of 
inviting  criticism  that  I  venture  to  indicate  some  of  the  points  which 
arc  deducible  from  the  foregoing  generalizations.  Some  of  these  are 
well  known  and  incorporated  into  the  common  practice,  and  are 
given  here  merely  as  reasonable  explanations  of  known  facts. 

First  as  to  the  manufacture  of  coke.  Charcoal  is  acknowledged 
to  be  the  best  of  fuels,  anthracite  the  worst.  Coke  is  an  interme- 
diate product,  and  with  strange  perversity  we  have  always  insisted 
upon  making  it  as  much  like  anthracite  and  as  little  like  charcoal 
as  possible.  Coke  according  to  the  authorities  must  be  hard,  strong, 
ringing,  and  everything  else  that  charcoal  is  not,  in  order  to  win  a 
good  name.  Having  a  good  natural  fuel  and  a  bad  one,  we  are  de- 
termined upon  imitating  the  bad  one  whenever  we  make  an  artificial 
combustible.  Coke  furnaces  usually  stand  half  way  between  char- 
coal and  anthracite  in  weight  of  fuel  to  the  ton  of  pig  metal.  Per- 
haps by  making  a  lighter  article,  avoiding  high  heats  in  coking  and 
aiming  to  produce  a  porous,  delicate,  and  easily  ignited  coke,  it  may 
be  possible  for  the  coke  furnace  to  draw  near  her  charcoal  sister  in 
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economy  of  fuel.  In  considering  this  innovation  it  would  be  well 
to  remember  that  the  best  charcoal  practice  is  now  had  with  a  fuel 
that  is  very  lightly  burnt.  As  much  as  twenty-five  and  thirty  per 
cent,  of  gas  is  left  in  it,  and  some  of  the  most  successful  managers 
take  the  half-burnt  brands  at  full  measure  for  coal,  and  encourage 
the  burners  to  send  them  all  in.  It  is  under  these  conditions  that 
the  best  charcoal  practice  is  had  in  stacks  of  thirty-five  to  fifty  feet 
height.  The  reason  why  a  similar  course  has  not  been  followed  in 
coke  practice,  is  a  mistaken  notion  that  such  fuel  is  not  strong 
enough  to  carry  the  weight  of  the  ore.  But  this  chimera  of  "  weak" 
fuel  should  be  passed  by  as  belonging  to  the  traditional  period  of 
furnace  management.  We  are  now  able  to  put  reason  in  the  place 
of  myth,  and  rise  above  notions  that  have  not  one  recorded  fact  to 
sustain  them.  The  notion  that  fuels  like  charcoal  and  lightly 
burned  coke  "crush"  in  the  furnace,  probably  had  its  origin  in  the 
presence  of  deposited  carbon  in  blown-out  furnaces.  We  now  know 
that  to  be  a  chemical  product,  and  just  as  abundant  in  an  anthracite 
furnace  as  in  any  other.  This  mistaken  idea  has  maintained  itself 
with  singular  perversity,  considering  the  fact  that  solid  blocks  of 
charcoal  are  known  to  fill  the  crucible,  and  have  always  been  taken 
from  the  fore-hearth  when  furnaces  with  open  hearths  were  in 
vogue. 

A  change  in  our  ideas  upon  this  subject  may  have  the  greatest  efiPect 
upon  the  distribution  of  metallurgical  operations  in  this  country  and 
also  upon  our  positive  wealth.  Coke  is  now  carried  from  regions 
furnishing  a  strongly  caking  coal  to  districts  at  a  great  distance 
which  are  themselves  underlaid  by  vast  deposits  of  a  dryer  coal, 
which  the  prevalent  ideas  on  this  subject  forbid  the  furnacemen  to 
use.  It  makes  a  weaker  coke,  and  therefore  it  will  not  "  carry  the 
burden."  But  this  coal  also  yields  a  larger  proportion  of  coke  than 
its  rival,  as  well  as  a  coke  of  lighter  texture.  If  new  views  on  this 
important  subject  make  it  appear  that  this  softer  coke  is  better  than 
the  hard  there  will  be  a  double  economy,  a  saving  in  coke  and  a 
larger  yield  from  the  coal. 

Such  a  change  in  the  sentiment  upon  coke-burning  would  be  of 
great  value  to  States  like  Ohio  and  others  in  the  central  coal  fields, 
where  the  larger  part  of  the  coal  is  condemned  as  not  being  "metal- 
lurgical." Most  of  the  thicker  seams,  which  are  necessarily  the  first 
to  be  Avorked,  lie  under  this  ban,  and  if  it  can  be  removed  the  blast- 
furnace workers  as  well  as  the  miners  will  be  greatly  benefited. 

In  advancing  these  views  I  am  not  io;norant  of  the  fact  that  the 
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prevailin<^  practice  seems  to  controvert  theory  in  the  most  conclusive 
manner,  for  the  best  practice  is  had  with  hard  Connellsville  coke, 
and  the  worst  with  soft  coke  from  the  interior  coal  basins.  This  is 
of  course  a  very  serious  criticism  upon  the  deduction  I  am  making, 
but  there  are  some  considerations  which  lessen  its  effect. 

Most  of  the  fuels  from  which  these  lighter  cokes  are  made  are 
quite  slaty.  Washing  is  not  always  resorted  to,  and  when  it  is  used 
the  necessary  sizing  is  so  much  neglected  that  the  light  cokes  are 
u.-^ually  notorious  for  their  heavy  percentage  of  ash.  The  effects  of 
a  large  quantity  of  ash  in  the  coke  are  probably  more  serious  than 
appears  at  first  sight.  Let  us,  for  instance,  consider  the  case  of  a 
coal  with  twenty  per  cent,  of  ash.  As  before  pointed  out  the  whole 
of  this  would  reach  the  hearth  without  being  fluxed.  If  the  furnace 
burns  fifty  pounds  of  coke  per  minute,  and  consumes  two  pounds  of 
carbon  in  the  same  time  for  reduction  of  the  carbonic  acid  derived 
from  the  limestone,  and  if  the  coke  originally  contained  ten  per 
cent,  of  volatile  matter,  there  would  be  only  thirty-three  pounds  of 
carbon  and  ten  pounds  of  ash  consumed  per  minute.  The  ash  would 
require  5500  pound-units  of  heat  for  its  fusion,  less  the  heat  already 
stored  up.  This  would  probably  require  one  pound  of  carbon,  and 
the  remainder  or  thirty-two  pounds  would  be  all  that  would  be 
effective  in  the  zone  of  combustion. 

The  use  of  such  a  fuel  would  inevitably  introduce  irregularity 
into  the  working.  In  the  upper  part  of  the  stack  there  would  be  a 
strong  lime  charge,  which  would  be  neutralized  only  when  the  lime 
cinder,  melted  in  the  zone  of  fusion,  ran  down  and  mixed  with  the 
strongly  silicious  cinder  produced  from  the  ash  in  the  zone  of  com- 
bustion. With  the  present  tendency  to  a  high  lime  mixture  in 
almost  all  furnaces,  it  is  easy  to  see  that  wherever  a  large  proportion 
of  the  silica  is  kept  away  from  the  base  at  the  moment  of  fusion,  as 
it  is  when  the  fuel  contains  so  much  ash,  the  charge  must  be  exces- 
sively basic  until  it  passes  through  the  vital  point  of  the  furnace  for 
fuel  consumption,  the  zone  of  fusion.  There  all  the  evils  of  a  high 
lime  charge  are  experienced,  even  when  the  mixture  taken  as  a 
whole  will  produce  an  average  cinder.  Excessive  heat  is  required 
in  order  to  get  the  lime  cinder  through  the  zone  of  fusion  and  into 
the  crucible,  but  that  point  once  reached  the  high  temperature  is  no 
longer  needed,  and  perhaps  only  tends  to  reduce  silica. 

Next,  as  to  the  form  of  the  furnace.  Any  horizontal  section 
through  the  boshes  will  vary  in  area  according  to  its  height  above 
the  well,  and  the  zone  of  fusion,  therefore,  will  vary  in  area  with 
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the  height  of  the  zone  of  combustion  below  it.  With  steep  boshes 
the  variation  in  area  of  the  zone  of  fusion  will  be  very  great  for 
slioht  chano-es  in  the  height  of  the  fuel  column  in  the  lower  zone. 
It  has  already  been  pointed  out  that  the  height  of  the  latter,  and 
therefore  the  area  of  the  former,  are  largely  dependent  upon  the 
character  of  the  ore  and  the  composition  of  the  charges,  and  it  is 
quite  conceivable  that  the  effects  of  any  variation  in  the  materials 
charged  may  be  concentrated  upon  these  two  zones.  Some  such  ex- 
planation is  needed  to  account  for  the  very  considerable  perturba- 
tions in  the  working  of  the  furnace,  which  sometimes  follow  addi- 
tions to  the  burden  that  appear  to  be  unimportant  in  themselves. 
On  the  other  hand  the  less  the  boshes  are  inclined  from  the  vertical 
the  more  restricted  will  be  these  changes  in  the  area  of  fusion,  and 
a  more  regular  working  should  be  expected.  It  is  this  fact  which 
makes  it  an  error  to  increase  the  greatest  width  of  the  furnace  unless 
the  parts  below  are  so  altered  as  to  preserve  the  gentlest  possible 
slope  to  the  boshes. 

Forms  of  hearth  which  increase  the  bulk  of  the  fuel  column  in 
proportion  to  the  area  of  fusion,  will,  of  course,  extract  the  most 
oxygen  from  the  air  in  its  passage  through  this  column  to  the  zone 
of  fusion.  In  the  first  form  of  the  Soho  furnace,  acording  to  Mr. 
Bennett,  the  area  of  fusion  was  sixty  square  feet,  and  the  cubic 
capacity  below  it  was,  as  near  as  I  can  estimate  it,  467  cubic  feet; 
or  in  the  proportion  of  1  to  7.8.  In  the  second  form  of  the  furnace 
the  area  was  120  square  feet,  and  the  bulk  of  the  zone  of  combus- 
tion apparently  1050  cubic  feet;  or  as  1  to  8.75.  This  increase  of 
capacity  in  the  zone  of  combustion  increased  the  stay  of  the  blast  in 
it  by  about  twelve  per  cent.  The  consequent  gain  in  oxygen  ab- 
sorption in  this  zone  produced  a  saving  of  fuel  which  lessened  the 
quantity  of  blast  required,  so  that  its  retention  in  the  zone  of  com- 
bustion was  still  further  prolonged.  Thus  there  were  two  sources 
of  advantage,  which  reacted  upon  each  other  until  the  total  improve- 
ment appears  to  have  been  about  forty  per  cent.,  for  Mr.  Bennett 
says  the  blast-engine  formerly  made  33,  and  now  23  revolutions  per 
minute.     The  saving  in  coke  was  fifteen  bushels  to  the  ton  of  pig. 

The  alterations  of  the  Soho  furnace  were  not  confined  to  the 
hearth,  but  it  can  hardly  be  doubted  that  a  large  part  of  the  im- 
provement made  in  fuel  economy  and  daily  product  must  be  cred- 
ited to  the  provisions  by  which  more  perfect  absorption  of  oxygen 
in  the  zone  of  combustion  was  secured. 
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BY   PROF.    JOHN  A.    CnURClI,   E.M.,    COLUMBUS,    OHIO. 

One  of  the  most  striking  phenomena  connected  with  tlie  mines 
on  the  Comstock  lode  is  the  extreme  heat  encountered  in  the  h)wer 
levels.  This  heat  is  not  due  to  the  burning  of  candles,  heat  of  the 
men,  and  decomposition  of  timbers,  all  intensified  by  bad  ventila- 
tion, as  was  the  case  nearer  the  surface.  It  proceeds  from  the  rock, 
which  maintains  constantly  a  temperature  very  much  liigher  than 
the  average  of  the  atmosphere  in  Nevada. 

The  heat  of  these  mines  is  a  matter  of  more  than  usual  interest, 
for  they  are  the  only  hot  ones  now  worked  in  the  United  States,  and 
both  in  the  present  temperature  encountered  aud  in  the  increase 
which  is  to  be  expected  as  greater  depths  are  reached,  they  appear  to 
surpass  any  foreign  mines  of  which  we  have  a  record. 

Hot  mines  are  known  also  in  other  countries,  as  in  the  tiu  and 
copper  lodes  of  Wales,  where  one  of  the  veins  worked  by  the  United 
Mines  is  known  as  the  hot  lode.  It  has  springs  which  discharge 
water  at  a  temperature  of  116°  Fahrenheit,  the  depth  being  220 
fathoms,  or  1320  feet.  The  heat  of  the  air  in  these  workings  is 
given  at  100°  to  113°  Fahrenheit.  The  air  is  bad,  and  the  heat  in 
the  drifts  seems  to  be  traceable  to  defective  ventilation  rather  than 
to  the  real  necessities  of  the  case.  Air  is  supplied  through  a  small 
pipe,  and  is  drawn  from  a  place  where  the  temperature  is  95°  Fahr- 
enheit. Under  such  circumstances  it  is  not  surprising  to  read  that 
in  this  hot  mine  the  air  is  hotter  than  the  rock,  a  state  of  things 
which  I  have  never  observed  in  the  Comstock.  Other  mines  have 
been  reported  to  the  British  Coal  Committee  as  having  temperatures 
of  106°  Fahrenheit  and  thereabouts,  but  the  only  positive  compari- 
sons that  are  available  at  this  writing  are  the  following,  all  from 
Cornish  mines  : 

Hine. 

Tresaveau,      .... 

Consolidated  Mines, 


Depth 
iu  feet. 

Temperat 
Air. 

ure. 
Rock. 

1584 

86° 

83°  to  85° 

1500 

87° 

86° 

1722 

94° 

93° 

1764 

94' 

=  to  96° 

92^°  to  93^' 

*  Read  by  permission  of  Lieut.  Geo.  M.  Wheeler,  Corps  of  Engineers,  U.  S. 
Army,  in  cliarge  of  U.  S.  Geographical  and  Geological  Surveys,  west  of  the 
100th  meridian. 
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These  liigh  temperatures  appear  to  be  partly  due  to  the  usual 
sources  of  lieat  in  mines,  and  partly  to  chemical  action  in  the  rock, 
for  the  average  depth  in  which  the  heat  rises  one  degree  Fahrenheit 
from  the  surface  downward  varies  with  the  ground.  It  is  given  by 
Mr.  "W.  S.  Henwood  as  follows  : 

In  granite, 51  feet. 

In  slate, 37.2  " 

In  cross  veins,    .........  40.8  " 

In  lodes, 40.2  " 

In  tin  lodes, 40.8  " 

In  tin  and  copper  lodes,      .......  39.6  •' 

In  copper  lodes,  ........  38.4  " 

The  copper-bearing  lodes  are  therefore  the  hottest,  and  in  Corn- 
wall heated  ground  is  thought  to  be  a  good  indication  of  copper, 
just  as  hot  ground  is  looked  upon  in  the  Comstock  mines  as  a  favor- 
able sign  of  ore. 

TEMPERATURE    IN    THE   COMSTOCK    MIXES. 

The  rock  in  the  lower  levels  of  the  Comstock  mines  appears  to 
have  a  pretty  uniform  temperature  of  130°  Fahrenheit.  This  was 
the  reading  obtained  for  me  on  several  occasions  by  Mr.  Comstock, 
foreman  of  the  Ophir  mine,  and  about  the  same  temperature  was 
found  by  Mr.  Perrin,  foreman  of  the  Chollar  Potosi,  Mr.  Cosgrove, 
foreman  of  the  Yellow  Jacket  (1391°  F.  and  136°  F.),  and  by  my- 
self in  the  Crown  Point  and  other  mines. 

These  readings  were  obtained  by  placing  a  thermometer  in  a  drill- 
hole immediately  after  the  hole  was  finished,  and  leaving  it  there  for 
periods  varying  from  ten  minutes  to  half  an  hour.  Very  little  or 
no  diiference  was  discovered  between  holes  which  were  drilled  wet  or 
dry,  or  if  wet,  between  holes  which  were  naturally  wet,  and  those 
which  were  made  so  artificially.  No  doubt  there  must  be  some  dif- 
ference due  to  these  varying  conditions,  but  they  are  so  slight  as  to 
be  completely  masked  by  the  steady  flow  of  heat  from  the  rock 
during  the  exposure  of  the  thermometer. 

The  holes  in  which  the  thermometers  were  placed  were  not  sunk 
especially  for  this  work  of  testing,  but  were  the  ordinary  drill-holes 
made  for  the  purpose  of  blasting  the  rock.  They  varied  therefore 
from  about  ten  inches  to  three  feet  in  depth. 

No  variations  in  the  height  of  the  thermometer  were  found  to  be 
caused  by  this  difference  of  depth,  and  this  also  is  quite  reasonable. 
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jNIiiiing  on  the  Comstock  proceeds  with  extraordinary  rapidity. 
The  drifts  arc  advanced  steadily  at  the  rate  of  three,  five,  and  some- 
times even  eight  and  ten  feet  a  day,  and  therefore  the  ground  in 
whicli  the  miners  are  working  is  always  fresh  ground.  The  low 
conductivity  of  minerals  to  heat  forbids  the  supposition  that  a  rock 
of  130°  Fahrenheit  temperature  can  lose  heat  sensii)ly  to  any  depth 
in  the  course  of  twenty-four  hours.  The  shallow  holes  which  were 
made  use  of  always  lay  in  new  ground,  and  exhibited  results  which 
may  be  accepted  with  as  much  confidence  as  if  they  were  twenty 
feet  or  more  deep.  A^ery  often  they  were  in  ground  which  had  been 
exposed  only  one  or  two  hours,  having  been  sunk  immediately  after 
a  blast  which  threw  off  four  or  five  feet  of  the  rock.  The  sur- 
face which  was  thus  thrown  down  had  not  been  exposed  more 
than  twenty-four  hours.  The  high  temperature  and  small  flow  of 
air  in  the  heading  forbid  the  supposition  that  any  sensible  diminu- 
tion of  heat  could  have  taken  place  at  the  bottom  of  the  drill-hole 
under  such  circumstances.  The  surface  of  the  rock  exposed  to  the 
air  of  the  drift  was  found  to  be  about  123°  Fahrenheit,  the  experi- 
ment being  made  near  the  '*  header  "  or  end  of  the  drift.  The  air 
itself  was  found  to  show  considerable  uniformity  when  its  temperature 
was  taken  under  circumstances  that  were  at  all  similar.  In  freshly 
opened  ground  it  varied  from  108°  to  116°  Fahrenheit,  and  higher 
temperatures  are  reported  at  various  points,  reaching  in  fact  as  high 
as  123°  Fahrenheit  in  the  1900  level  of  the  Gould  &  Curry. 

The  temperature  of  the  air  is  subject  to  more  fluctuations  than 
that  of  the  rock,  for  the  simple  reason  that  it  is  artificially  supplied 
to  the  mine,  and  varies  according  to  the  distance  to  which  it  is  car- 
ried, the  quantity,  velocity  in  the  pipe,  and  its  initial  temperature. 
All  of  these  elements  of  the  problem  vary  within  wide  limits.  The 
initial  temperature  of  the  air  which  supplies  a  particular  drift  will, 
for  instance,  depend  upon  whether  it  is  drawn  from  the  surface,  the 
bottom  of  a  shaft,  where  it  is  often  cooler  than  above  ground,  or 
from  some  old  air-way,  where  it  has  had  time  and  opportunity  to 
take  up  heat. 

Nevertheless,  even  under  such  variable  circumstances  as  these,  the 
temperature  of  the  air  in  a  new  drift  does  not  ordinarily  vary  much 
more  than  eight  degrees,  and  in  this  variation  the  length  of  the  drift 
appears  to  be  the  most  important  factor. 

This  uniformity  of  temperature,  under  such  changing  conditions 
is  due  to  the  well-known  fact  that  the  amount  of  heat  absorbed  from 
the  walls  of  a  drift  or  shaft  in  a  mine  depends  upon  the  difference  in 
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the  initial  temperature  of  the  air  and  rock.  The  greater  this  differ- 
ence, the  greater  is  the  absorption,  but  as  soon  as  the  temperature  of 
the  air-current  approaches  that  of  the  rock,  the  heat  absorption  pro- 
ceeds much  more  slowly. 

In  the  Comstock  mines  it  is  the  custom,  without  exception,  to  blow 
the  air  through  galvanized  iron  pipes,  the  diameter  of  which  is  usually 
from  eight  to  twenty  inches.  The  size  most  used  is  eleven  inclies  in 
diameter,  and  the  usual  amount  of  air  blown  is  about  seven  hundred 
cubic  feet  per  minute,  this  being  tiie  supply  for  two  to  six  or  more 
men,  working  in  one  or  two  "  headers." 

In  most  cases  the  air  is  not  sent  down  from  the  surface,  but  taken 
from  some  point  in  the  incline  or  at  the  bottom  of  the  shaft.  Its 
temperature  may  be  assumed  at  about  85°  or  90°  F.  in  summer, 
though  it  is  sometimes  higher  than  this.  Its  velocity  in  the  air-pipe  is 
not  very  far  from  one  thousand  feet  per  minute.  From  these  data 
it  will  be  seen  that  we  have  about  fifteen  or  twenty  degrees  of  heat 
added  to  the  air,  in  a  period  of  time  varying  from  one-half  minute 
to  two  minutes.  The  iron  of  the  pipe  is  so  thin  and  its  conductivity 
so  great  that  we  practically  have  a  slender  current  of  air  moving 
through  a  body  of  hotter  air.  Even  this  statement  of  the  case  does 
not  exhibit  all  the  opportunities  for  absorbing  heat  which  are  forced 
upon  the  air. 

The  iron  receives  heat  both  by  immersion  in  the  hot  air,  and  by 
direct  radiation  from  the  still  hotter  walls.  The  currents  confined  in 
it  must  be  thrown  against  its  sides  by  eddies,  and  the  air  is  thus 
made  to  absorb  heat  by  contact  as  well  as  by  the  transmission  of  heat 
rays  through  it.  It  is  probably  to  this  cause  that  the  uniformity  of 
tiie  air  temperatures  obtained  at  the  headers  may  be  attributed. 
They  depend  almost  entirely  on  the  heat  of  the  ground  there  and 
very  little  upon  the  temperature  of  the  air  at  the  point  of  supply. 

Drifts  that  do  not  exceed  two  or  three  hundred  feet  in  length  are 
usually  not  above  110°  or  112°  F.  in  temperature  and  more  often 
they  are  below  this.  But  when  the  length  increases  to  1200  and  1500 
feet  the  temperature  may  rise  to  116°  F.  without  any  other  change 
in  the  circumstances. 

So  far  as  my  personal  experience  goes,  the  latter  temperature  has 
not  been  exceeded  in  any  drift  into  which  a  good  current  of  air  is 
blown.  By  a  "good  current,"  I  mean  one  of  not  less. than  seven 
hundred  or  one  thousand  cubic  feet  a  minute.  Still  there  is  no  hesi- 
tation in  asserting  my  confidence  in  the  higher  temperatures  which 
others  have  sometimes  obtained.     The  view  which  I  take  of  the 
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phenomenon  and  its  cause  iidnnts  of  such  exceptional  heat  at  par- 
ticular points  as  a  rational  consequence  of  the  forces  at  work.  But 
I  regard  them  as  exceptional,  and  believe  the  average  temperature  of 
those  drifts  which  are  considered  to  be  distinctively  "hot,"  is  usually 
not  above  108°  to  112°  F.,  though  rising  to  116°  F.,  when  they  are 
ver}^  long. 

These  limits  are,  however,  not  in  the  least  degree  true  of  the  Avater 
which  enters  the  drifts  from  the  country  rock,  and  also  from  the  lode 
rocks.  That  approaches  more  nearly  150°  Fahrenheit.  The  vast 
body  of  water  which  has  filled  the  Savage  and  Hale  &  Norcross 
mines  for  more  than  a  year,  and  from  which  it  is  safe  to  say  a  million 
tons  of  water  have  been  pumped  within  twelve  months,  gave  me  a 
temperature  of  154°  Fahrenheit.  Even  after  being  pumped  to  the 
surface  through  an  iron  pipe  exposed,  in  the  shaft  of  the  Hale  & 
Norcross,  to  a  descending  current  of  fresh  air  for  more  than  a  thou- 
sand feet,  and  then  flowing  for  one  or  two  hundred  feet  through  an 
open  sluice  in  a  drain-tunnel  Avhich  discharges  into  a  measuring-box, 
the  water  in  this  box  was  found  to  have  a  temperature  of  no  less 
than  145°  Fahrenheit. 

But  the  water  varies  in  temperature  in  different  parts  of  the  lode, 
like  the  rock  and  the  air.  In  the  east  crosscut  2000-foot  level,  of 
the  Crown  Point  Mine,  which  is  noted  for  its  extreme  heat,  the 
water,  after  flowing  for  nearly  one  hundred  and  fifty  feet  over  the 
bottom  of  the  drift,  was  found  to  have  a  temperature  of  157°  Fah- 
renheit. On  the  contrary,  in  other  places  the  water  is  much  less  hot, 
but  I  believe  it  is  as  a  rule  always  hotter  than  the  air,  and  in  many 
cases  it  appears  to  be  hotter  than  the  rock  is  found  to  be,  except  in 
especially  hot  spots. 

HOT   AND    COLD    BELTS. 

In  giving  this  short  description  of  this  remarkable  phenomenon, 
the  fact  has  frequently  been  referred  to  that  there  are  points  in  the 
mines  which  are  much  hotter  than  the  average.  The  east  crosscut 
of  the  Crown  Point  2000-foot  level,  which  was  temporarily  aban- 
doned and  boarded  up  on  account  of  the  heat,  gave  me  an  air  tempera- 
ture of  150°  Fahrenheit,  the  thermometer  being  thrust  through  a 
crack  in  the  boarding.  I  felt  convinced  that  at  the  head  of  this 
crosscut  the  heat  must  be  higiier  than  this,  and  Mr.  Balch,  foreman 
of  the  mine,  informed  me  that  it  had  been  proved  so. 

Another  hot  spot  is  in  the  Imperial  Consolidated  Mine.  The 
incline  there  has  always  been  very  hot,  and  near  the  bottom,  above 
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the  snmp,  but  under  the  shoot,  a  position  which  allows  of  no  ven- 
tilation except  that  which  is  induced  by  local  air-currents,  the  air 
must  stand  at  130°  Fahrenheit  or  higher,  though  I  did  not  test  it. 
In  this  mine  the  Black  Dike  splits,  sending  a  shoot  off  to  the  north- 
east, and  a  drift  has  been  run  on  the  two  thousand  foot  level,  along 
the  eastern  side  of  this  branch  dyke. 

This  proved  to  be  a  very  hot  spot  indeed.  Rock,  air,  and  water 
were  all  so  much  above  the  usual  limits  of  temperature  even  in  these 
hot  mines  that  the  work  of  cutting  the  drift  must  have  been  ex- 
tremely severe.  It  might  not  have  been  accomplished  if  the  ex- 
pedient had  not  been  adopted  of  boarding  or  "lagging"  up  the  sides 
of  the  drift  with  a  double  thickness  of  plank,  breaking  joints.  This 
confined  the  water,  which  poured  down  the  walls,  to  a  tight  chamber, 
and  left  the  main  part  of  the  drift  for  the  men  to  work  in  with  coiu- 
parative  comfort.  The  lagging  remains,  and  has  been  carried  around 
into  the  main  drift  which  is  still  in  active  use.  Its  joints  are  calked 
with  tow,  and,  one  of  these  being  stripped  for  me,  the  steam  from 
the  water  immediately  poured  out  and  proved  to  be  scalding-hot 
when  tested  by  the  finger.  I  did  not,  however,  succeed  in  getting 
a  fair  reading  of  the  thermometer,  because  the  crack  was  too  small 
to  admit  more  than  the  end  of  the  bulb.  The  thermometer  must 
have  been  cooled  by  the  evaporation  of  condensed  moisture  from  its 
bulb ;  but,  even  under  these  adverse  circumstances,  the  temperature 
of  the  stream  was  taken  at  123°. 

The  Belcher  south  incline  has  a  hot  belt  of  rock,  quite  narrow,  a 
short  distance  above  the  nineteen  hundred  station,  and  similar  hot 
places  are  found  in  most  of  the  mines. 

I  am  inclined  to  the  opinion  that,  as  a  general  rule,  these  hot 
areas  lie  in  belts,  and  are  not  irregular  or  promiscuously  placed  in 
the  mass  of  East  country  rock.  Where  this  seems  to  be  disproved 
by  the  distance  run  in  the  superheated  rock,  it  will  probably  be  found 
that  the  drift,  or  incline,  and  the  hot  belt  have  the  same  direction. 

It  is  noticeable  that  the  neighborhood  of  a  dike  is  apt  to  be 
hotter  than  any  other  portion  of  the  rock.  An  example  of  this  has 
already  been  given  in  the  Imperial  Consolidated  Mine,  where  a  drift 
run  immediately  east  of  a  branch  dike  is  still  wet  and  intensely  hot, 
although  opened  for  about  two  years.  The  incline  of  this  mine,  which 
is  very  hot,  is  also  quite  near  the  Black  Dike. 

But  nearness  to  the  Black  Dike  is  also  a  characteristic  of  most 
inclined  shafts  on  the  lode.  Some  are  west  of  it ;  some  in  it  for 
long  distances ;  others  east  of  it.     These  inclines  do  not  all  exhibit 
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greater  heat  than  the  average  of  the  mines,  and  there  must  be  some 
special  reason  for  the  heat  of  the  Imperial  Consolidated  incline, 
which  was  referred  to  above. 

Hot  belts  are  also  found  at  the  contact  of  the  diorite  and  propy- 
lite  in  the  Virginia  mines.  The  diorite  is  itself  in  active  decora- 
position,  and  mines  which  have  carried  drifts  in  or  near  it  are  very 
hot.  The  Julia  has  explored  a  quartz  seam  which  appears  to  lie 
entirely  in  the  diorite,  and  this  has  proved  to  be  one  of  the  hot  belts. 

This  apparent  concentration  of  the  heat  in  the  line  of  contact  of 
two  rocks  is  not  supposed  to  be  due  to  any  thermal  or  electro-ther- 
mal action,  but  to  depend  merely  upon  the  fact  that  in  this  neigh- 
borhood the  ground  is  more  broken  and  the  surfaces  of  the  rock 
increased.  These  conditions  are  obviously  favorable  to  the  action 
of  atmospheric  waters. 

Belts  of  excessively  hot  ground  are  not  the  only  noticeable  phe- 
nomena in  these  mines.  More  remarkable  still  are  the  belts  of  un- 
usually cold  rock.  These  are  fewer  in  number  than  the  hot  belts, 
but  they  are  strongly  marked.  They  are  always  wet,  and  the  water 
that  drips  through  the  crevices  of  the  shattered  rock  that  composes 
them  is  noticeably  cold  to  the  touch,  and  cools  down  the  air  of  the 
drift.  Such  a  wet,  cold  belt  of  rock  exists  on  the  eight  hundi'ed-foot 
level  of  the  Justice  Mine,  and  there  is  a  very  decided  change  of  tem- 
perature in  passing  from  one  to  the  other  side  of  it.  Lest  the  low 
temperature  of  this  spot  should  be  attributed  to  the  water  which 
drains  through  it  from  the  surface,  it  is  well  to  add  that  water  drips 
from  the  rock  in  numerous  places  in  these  as  in  most  mines,  and 
that  usually  it  is  hot,  or  at  least  warm. 

Other  cold  belts  are  found  in  the  mines  which  are  not  so  cool  as 
that  in  the  Justice,  but  are  perceptibly  cooler  than  the  rock  at  a 
short  distance  from  them.  They  complete  a  well-linked  chain  of 
heat  phenomena,  extending  from  rocks  that  are  sensibly  cold  to  the 
touch,  and  may  not  have  a  temperature  above  50°  or  60°  Fahren- 
heit, through  rocks  that  have  the  average  atmospheric  temperature, 
and  those  which  are  as  hot  as  surface  rocks  ever  become  in  Nevada, 
to  those  which  have  a  temperature  of  157°  Fahrenheit.  There  is 
no  reason  to  doubt  that  the  gradation  is  quite  regular,  and  the  transi- 
tion from  the  lower  to  the  higher  temperature  is  made  through  a 
much  larger  series  of  intermediate  steps  than  the  accidental  ther- 
mometer readings  taken  show. 

Finally,  in  the  chain  of  testimony  relating  to  this  phenomenon  is 
to  be  noted  the  condition  of  the  rock.     Wet  places  have  been  spoken 
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of,  but  the  rock  cannot  be  considered  as  generally  wet.  There  are 
water-ways,  and  many  of  them  appear  to  reach  the  surface,  but  they 
are  of  limited  breadth,  like  the  belts  of  hot  rock.  This  water  is 
usually  hot,  but  sometimes  cool  or  tepid. 

Very  often,  usually  in  fact,  the  rock  is  perfectly  dry,  though  very 
hot.  That  is  the  case  in  all  the  mines.  Wet  rock  is  the  exception, 
and  dry  rock  the  rule,  through  the  whole  lode.  In  the  drifts  cut 
through  this  hot,  dry  rock,  the  walls  of  the  freshly  exposed  surfaces 
are  painful  to  the  hand,  and  the  air  is  often  filled  with  dust.  The 
rock  is  both  hard  and  tough,  but,  in  spite  of  its  strength,  it  gives 
an  impression  of  fine  porosity  to  the  touch,  due  probably  to  its 
trachytic  character.  It  often  has  the  odor  of  clay,  but  not  always. 
It  may  be  slightly  adherent,  or  the  impression  of  dryness  upon  the 
tongue  may  be  due  to  its  heat,  or  to  the  fine  dust  which  covers  every 
fragment. 

SOURCE    OF    THE    HEAT. 

Wherever  eruptive  or  plutonic  rocks  are  found  it  is  quite  common 
to  witness  evidence,  in  the  breaking  out  of  hot  springs,  that  heat 
agencies  are  still  active  within  them,  and  this  phenomenon  is  so  fre- 
quently observed  that  hot  springs  are  often  referred  to  as  the  last 
phase  of  eruptive  activity.  The  heat  in  the  Comstock  and  other 
mines  similarly  situated  is  quite  generally  spoken  of,  for  instance,  as 
the  feeble  remnant  of  a  temperature  that  once  reached  the  point  of 
rock  fusion,  but  the  facts  encountered  have  compelled  me  to  seek 
another  explanation.  It  is  impossible  to  assemble  in  an  annual 
report  all  the  data  upon  which  this  conclusion  is  based,  but  many 
of  them  will  be  given.  They  have  led  me  to  refer  the  high  tem- 
peratures encountered  in  the  mines  not  to  the  internal  heat  of  the 
earth,  nor  to  the  residual  heat  of  the  rocks,  which  were  once  melted, 
but  to  chemical  action  now  maintained  in  the  erupted  rocks. 

This  action  is  not  a  combustion,  for  the  oxidizable  minerals  in  the 
lode  and  its  accompanying  rocks,  the  metallic  sulphides,  are  little 
altered.  In  fact,  the  total  quantity  of  pyrite  and  other  sulphides  is 
not  large  for  the  neighborhood  of  a  mineral  lode,  but  on  the  con- 
trary, strikingly  small,  and  not  sufficient  to  maintain  the  heat  of  the 
rocks  and  water,  except  under  circumstances  of  unusually  rapid 
oxidation.  That  no  metallic  oxidation  of  any  moment  goes  on  in 
these  rocks  is  susceptible  of  proof.  The  metallic  sulphurets  in  the 
rock  show  little  sign  of  decomposition,  and  this  is  true  even  in 
layers  of  the  propylite,  that  are  fissured  and  seamy  and  drenched 
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witli  -water,  whether  hot  or  cold.  In  fact,  tlie  preservation  of  the 
sulj)hur  compouiul.s,  in  presence  of  so  nnicli  heat  and  moisture,  is  a 
noticeable  fact,  which  I  have  frequently  remarked  in  all  the  mines. 

An  examination  of  such  analyses  of  the  mine  waters  as  I  am  able 
to  find  confirms  this  statement.  In  the  ffcolon-ical  view  of  the  Com- 
stock  lode  which  Mr.  King  has  prefixed  to  the  third  volume  of  the 
rejiort  on  the  Fortieth  Parallel  Survey,  an  analysis  of  water  taken 
from  the  Savage  600  level  is  given.  This  is  comi)ared  in  the  fol- 
lowing table  with  other  analyses  recently  published  in  the  Virginia 
newspapers : 


Analyses  of  Water  from  the  Comstock  Vein,  taken  at  Different  Levels. 


if 

a,  a. 
a  - 
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Grains  per  gallon. 

i  ^ 

—  2  ~ 
"5    .S 

O       rt 

^    c 

4.025 
1.162 
16.683 

11 

•8    CO 

Silica 
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1.77 
0.91 
7.56 
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2.21 
0.04 
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3.500 

1.327 

22.532 

Calcic  sulphate 

Magnesic  sulphate 

Sodic  carbonate 

13.518 
8.342 

Potassic  carbonate 

Magnesic  carbonate 

Alumina  and  Ferric  oxide 

6.42 

26.199 

trace. 

trace. 

trace. 

This  table  shows  tlmt  the  source  of  the  heat  cannot  be  the  decom- 
position of  a  metallic  sulphide  like  pyrite,  for  the  resulting  sulphate 
would  be  highly  soluble,  and  the  water  would  be  much  stronger  in 
sulphuric  acid.  It  is  true  that  sulphuric  acid  enters  more  largely 
into  the  analysis  than  any  other  acid,  but  even  if  this  is  derived  en- 
tirely from  the  decomposition  of  pyrite,  the  quantity  is  entirely  in- 
sufficient to  account  for  the  effects.  The  Hale  &  Norcross  water, 
for  instance,  contains  only  54,219  grains  of  solid  matter  to  the  gallon 
of  water  weighing  58,373  grains,  or  less  than  a  tenth  of  one  per 
cent.  Of  this  solid  matter  only  five  and  a  third  grains  are  suljihur, 
and  this  quantity  corresponds  to  a  little  less  than  eleven  grains  of 
pyrite,  containing,  say  5.3  grains  sulphur  to  5.2  grains  iron. 

If  these  substances  were  not  in  combination,  the  iron  and  sulphur 
in  oxidizing  would  give  out  heat  enough  to  raise  42,462  grains  of 
water  one  degree  Fahrenheit  in  temperature,  or  the  heat  given  out 
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would  be  sufficient  to  raise  408  grains  of  water  from  50°  F.  (tlie  as- 
sumed temperature  of  surface  water)  to  154°  F.,  the  temperature  of 
this  great  body  of  water.  This  calculation  omits  the  loss  of  heat 
which  would  be  suffered  by  the  breaking  up  of  the  combination  of 
iron  and  sulphur,  as  they  exist  in  pyrite.  It  is  only  an  approxima- 
tion, but  it  shows  clearly  that  the  oxidation  of  the  iron  and  sulphur 
accounts  for  less  than  y^gd  of  the  heat  present  in  this  water. 

It  is  true  that  the  analyses  given  do  not  account  for  the  portion 
of  calcic  sulphate  which  has  been  deposited  as  an  insoluble  precipi- 
tate in  the  crevices  of  the  rock.  Gypsum  is  present  everywhere,  in 
fact,  in  and  out  of  the  vein,  but  its  quantity  is  quite  limited  in  the 
lower  levels,  and  considered  as  the  cumulative  result  of  many  cen- 
turies of  activity,  it  aifords  additional  proof  that  the  oxidation  of  the 
pyrite  has  been  very  small  in  amount. 

AMOUNT   OF    HEAT  WITHDRAWN    FROM  THE    ROCKS. 

The  quantity  of  water  pumped  from  the  mines  the  past  year  must 
have  been  as  much  as  350,000  or  400,000  tons  a  month.  If  its  tem- 
perature is  assumed  to  be  only  135°  Fahrenheit,  and  the  average 
temperature  of  the  air  for  the  year  50°  Fahrenheit,  we  have  in  the 
year,  say  350,000  X  12  r=  4,200,000  tons  of  water  raised  eighty- five 
degrees  in  temperature;  or  as  the  usual  expression  is,  4,200,000 
X  85  =  357,000,000  ton-heat-units  have  been  absorbed  by  the 
water.  If  the  heating  power  of  anthracite  coal  is  estimated  at  7500 
heat-units  to  the  ton,  the  heat  in  this  water  is  as  much  as  would  be 
obtained  from  the  combustion  of  47,700  tons  of  coal.  A  cord  of 
pine  wood  weighing  2700  pounds,  will  probably  give  about  4300 
heat-units  in  practice,  so  that  84,000  cords  would  be  necessary  to 
keep  up  the  heat  withdrawn  from  the  rocks  in  the  mine  waters 
alone. 

If  ten  tons  of  air  pass  through  the  mines  collectively  each  minute, 
or  14,400  tons  daily,  and  the  air  when  discharged  from  the  mines 
has  an  average  temperature  of  92°  Fahrenheit,  the  total  quantity  of 
air  for  the  year  will  be  5,256,000  tons,  and  the  average  rise  in  tem- 
perature 42  degrees.  The  specific  heat  of  air  being  0,267,  we  have 
5,256,000  X  0.267  X  42  =  58,940,784  ton-heat-units  for  the 
amount  of  heat  absorbed  by  the  air.  This  corresponds  to  an  ex- 
penditure of  7859  tons  of  anthracite  coal,  or  13,707  cords  of  wood. 
The  total  quantity  of  heat  carried  out  of  the  mines  yearly  by  the 
water  and  air  is  therefore  416,000,000  ton-heat-units,  to  produce 
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whicli,  in  ordinary  industrial  operati<nis,  would  require  55,560  tons 
of  anthracite,  or  97,700  cords  of  wood. 

The  number  of  men  employed  under  ground  in  the  mines  of  the 
upper  Comstock  is  less  than  three  thousand,  and  the  heat  from  their 
bodies,  together  with  that  produced  by  the  burning  of  the  large 
numbers  of  candles,  could  not  account  for  any  considerable  propor- 
tion of  this  heat.  Indeed,  it  may  be  assumed,  in  the  absence  of  cal- 
culations, that  all  the  heat  from  these  and  other  ordinary  sources  of 
beat  in  mines  is  no  more  than  sufficient  to  compensate  for  the  large 
amount  of  refrigeration  produced  by  the  liberation  of  the  compressed 
air  which  is  employed  in  every  mine  to  work  niuiierous  underground 
machines.  This  heat  absorption  has  not  been  taken  into  account  in 
the  above  calculations. 

In  another  respect,  also,  these  calculations  are  defective  and  give 
results  very  much  too  low.  Usually  the  air  enters  the  mine  dry 
and  leaves  it  saturated  with  moisture,  the  evaporation  of  which  in- 
dicates an  amount  of  heat  absorption,  which  would  probably  increase 
the  above  figures  surprisingly. 

These  calculations,  imperfect  as  they  are,  show  that  the  source  of 
the  heat  is  one  that  acts  on  a  magnificent  scale,  and  also  that  it  can- 
not reside  in  the  small  quantity  of  pyrite  which  is  oxidized.  That 
source  is  probably  the  chemical  alteration  of  the  feldspathic  min- 
erals of  the  propylite  and  other  rocks.  This  change  consists  appar- 
ently in  the  process  of  transforming  feldspar  to  clay,  technically 
known  as  kaolinization,  from  the  fact  that  china  clay,  or  kaolin,  is 
produced  in  this  way.  Numerous  zones  in  which  this  process  of  al- 
teration has  gone  so  far  as  to  produce  complete  disintegration  of  the 
rock  are  passed  in  drifts  cut  into  the  country  rock  on  both  sides  of 
the  lode.  Xo  analyses  of  this  decomposed  material  are  at  hand ; 
those  which  have  been  published  always  being  made  upon  the  clays 
of  the  lode  itself,  where  the  introduction  of  silica  in  large  quantities 
has  necessarily  exerted  a  dominating  influence  upon  all  alterative 
processes.  In  the  absence  of  such  analyses,  it  is  impossible  to  say 
whether  the  decomposition  that  has  taken  place  to  such  a  marked 
extent  at  a  distance  from  the  quartzes,  owes  any  of  its  force  to  the 
special  solfataric  action  to  which  the  filling  of  the  lode  may  be  as- 
cribed, or  whether  more  general  agencies  have  been  sufficient  to  pro- 
duce the  observed  effects.  Nor  can  it  be  declared  without  such  a 
critical  analytic  examination,  that  this  great  ma.ss  of  heated  rock,  ex- 
tending for  miles  in  length  and  breadth,  and  for  thousands  of  feet 
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in  depth,  has  passed  through  ages  of  drainage  from  the  surface  with- 
out undergoing  some  general  change  in  its  chemical  structure. 

On  the  contrary  I  assume  that  alterative  action  has  gone  on 
throughout  portions  of  these  rocks  and  is  still  in  progress.  The 
usual  explanation  for  the  heat  which  is  found  to  exist  in  eruptive 
rocks  in  so  many  districts,  namely,  that  it  is  the  last  manifestation 
of  the  heat  which  formerly  fused  the  rocks,  is  rejected  because  of  the 
persistence  with  which  the  supply  of  heat  is  maintained  under  cir- 
cumstances that  make  extraordinary  drafts  upon  it.  From  data 
previously  given,  it  will  have  been  noticed  that  the  mines  receive 
about  ten  tons  of  air  per  minute,  and  raise  its  temperature  from  50° 
Fahrenheit,  which  I  suppose  to  be  about  the  yearly  average  of  the 
atmosphere  at  Virginia  and  Gold  Hill,  to  about  92°.  This  repre- 
sents a  constant  abstraction  of  heat  from  the  rock,  amounting  to  no 
less  than  161,482  ton-heat-units  daily,  corresponding  to  the  combus- 
tion of  thirty-seven  cords  of  wood.  The  real  quantity  is  probably 
at  least  ten  per  cent,  greater  than  this,  the  difference  being  repre- 
sented by  the  vaporization  of  moisture  in  the  downward  course  of 
the  air. 

Fortunately  for  the  purposes  of  this  survey.  Captain  T.  G.  Taylor, 
superintendent  of  the  Yellow  Jacket  Mine,  has  caused  observations 
to  be  taken  for  several  mouths  on  the  temperature  of  the  air  current 
in  different  parts  of  that  mine.  By  noting  the  increase  of  heat  and 
the  amount  of  air  flowing  through  the  drifts,  I  have  been  able  to 
obtain  an  approximate  estimate  of  the  amount  of  heat  drawn  from 
the  rock  surfaces.  It  is  approximate  only,  because  the  records  of 
surface  temperatures  for  several  months  were  accidentally  destroyed, 
and  I  was  compelled  to  replace  them  from  the  careful  records  taken 
by  Mr.  B.  Gilman,  of  the  Chollar  Potosi  Mine,  which  is  in  Virginia, 
and  has  a  higher  position  and  a  different  exposure  from  the  Yellow 
Jacket.  The  present  calculations  are  presented  merely  to  show  that 
these  observations  contain  trustworthy  evidence  that  the  heat  taken 
up  by  the  air  cannot  be  derived  from  deep  sources  by  transmission 
through  the  rocks,  nor  from  a  magazine  of  heat  lying  dormant  in 
the  strata. 

The  Yellow  Jacket  is  a  downcast  mine,  and  the  air  current  passes 
down  the  vertical  shaft  to  the  1119-foot  level,  thence  down  the 
incline  to  the  1732  level,  through  a  drift  to  the  south  winze,  and 
thence  down  this  winze  to  the  2200  level,  the  bottom  of  the  mine. 
On  its  way  from  the  1732  it  sends  a  current  through  the  1935  and 
2040  levels,  these  currents  being  reunited  in  the  north  winze,  which 
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is  the  upcai=t.  Tlie  north  winze  does  not  reach  to  the  surface,  and 
no  air  rises  to  day  in  the  mine,  the  entire  current  flowing  into  the 
Imperial  and  Bullion  mines,  both  north  of  the  Yellow  Jacket,  and 
both  of  them  exclusively  upcast. 

Captain  Taylor  has  placed  Fahrenheit  thermometers  of  the  com- 
mon kind,  with  japanned  tin  cases,  at  the  surface,  foot  of  the  veitical 
shaft  (1119  level),  1732  south  and  north  winzes,  1935  north  winze, 
and  2040  south  and  north  winzes.  The  observations  obtained  are 
extremely  suggestive,  the  plan  of  the  mine  being  such  as  to  eliminate 
complications  from  the  single  problem  of  heat  absorption  by  moving 
currents  of  air  from  rock  surfaces.  From  the  1531  level  two  jiarallel 
winzes  are  sunk  on  the  lode,  inclining  with  it.  They  are  four  hun- 
dred and  thirteen  feet  apart,  and  connected  on  every  lower  level  by 
the  main  north  and  south  drift.  The  south  winze  is  downcast,  and 
the  thermometers  placed  here  on  the  different  levels  measure  the  in- 
crease of  heat  in  the  winze  itself,  while  those  which  are  hung  at  the 
north  winze  measure  the  increase  of  heat  which  each  "split"  of  air 
gains  in  moving  through  413  feet  of  drift,  that  being  the  distance 
between  the  winzes.  This  fortunate  arrangement  of  the  ventilative 
currents  presents  the  most  favorable  opportunity  I  have  ever  ob- 
served for  studying  the  problems  involved.  The  thermometers  should 
be  replaced  with  standard  instruments,  and  the  air  current  measured 
twice  a  week  for  a  year,  in  each  drift.  The  result  would  be  the  best 
series  of  observations  obtainable,  probably  in  any  American  mine, 
for  the  comparative  shortness  of  the  paths  followed  by  the  air  when 
contrasted  with  the  long  drifts  of  some  coal  mines,  is  compensated 
for  by  the  high  temperature  of  the  rocks  and  the  marked  increase 
of  heat  in  the  air. 

Before  giving  the  table  of  results  obtained  during  the  first  half  of 
1877,  it  is  necessary  to  say  that  they  are  merely  tentative.  The 
destruction  of  the  surface  readings  and  the  absence  of  good  standard 
instruments  forbid  the  acceptance  of  the  results  as  perfectly  accurate 
indications  of  the  heat  absorption.  Only  two  of  the  monthly  records 
which  were  taken — those  for  May  and  June — refer  entirely  to  this 
mine,  the  surface  readings  of  these  having  been  preserved.  The  ir- 
regularity due  to  the  introduction  of  surface  temperatures  docs  not, 
however,  affect  the  underground  readings,  but  merely  makes  it  im- 
possible to  correctly  gauge  the  absorption  of  heat  in  the  vertical  shaflt. 
The  gain  of  heat,  after  the  foot  of  the  vertical  shaft  is  passed,  is  fully 
given  for  the  whole  six  months,  the  records  in  the  lower  levels  being 
continuous  from  that  point. 
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The  air-current  entering  the  mine  July  2d,  1877,  was  measured 
and  found  to  be  18,140  cubic  feet.  On  the  1732  level  the  "  split" 
or  secondary  air-current  was  found  to  contain  7200  cubic  feet,  and 
for  the  purpose  of  illustrating  the  steady  flow  of  heat  from  the  rock, 
we  may  reasonably  assume  that  18,000  cubic  feet  of  air  enter  the 
mine  every  minute,  and  that  this  current  is  divided  into  three  splits 
of  6000  cubic  feet  each,  which  pass  from  the  south  winze  413  feet  to 
the  north  winze,  on  each  of  the  three  levels,  1732,  1935,  and  2040. 
The  second  of  these  is  out  of  consideration,  from  the  fact  that  there 
is  only  one  thermometer  on  it,  so  that  no  comparison  of  the  initial 
and  final  temperatures  can  be  made.  From  the  average  tempera- 
tures given  above  we  find  that  the  gain  on  the  two  other  levels  was : 

1732-foot  level, 10.56°  F. 

2040     "       "  7.87°  F. 

Six  thousand  cubic  feet  of  air  weigh  nearly  400  pounds  avoirdu- 
pois, and  the  amount  of  heat  absorbed  in  travelling  413  feet  through 
the  drift  is : 

In  the  1732  level,  .         .         .     1128  pounds  Fahrenheit  heat-units. 

"       2010     "  ...       810       "  "  "       " 

As  one  pound  of  anthracite  has  been  assumed  to  produce  7500 
heat  units,  and  one  pound  of  wood  3185  heat  units,  the  heating 
power  of  these  two  drifts  is  per  minute, 

For  the  1732- foot  level,    .         .0.150  lbs.  coal,  or  0.3-53  lbs.  wood. 
"        2040     "       "        .         .     0.112       "         "     0.264     "       " 

The  reason  for  the  different  absorption  in  the  two  levels  is  that 
the  initial  temperature  of  the  air  in  the  drifts  increases  from  78.20°  at 
the  1732  level,  to  85.96°  on  the  2040,  by  its  journey  of  about  520 
feet  in  the  winze  connecting  the  two  levels.  The  absorption  of  heat 
by  a  moving  current  of  air  is  known  to  vary  with  the  difference  in 
temperature  of  the  air  and  the  rock  surface.  The  nearer  these  ap- 
proach each  other  in  temperature,  the  less  is  the  heat  absorption. 

The  most  conclusive  evidence  that  the  incessant  drain  of  heat  can- 
not be  maintained  by  a  constant  store  accumulated  in  the  rock  is 
supplied  by  the  1732  level.  The  exact  date  at  which  the  drift  con- 
necting the  two  winzes  on  this  level  was  finished,  is  not  in  my  pos- 
session, but  as  the  station  in  the  main  incline  was  completed  in  July, 
1874,  it  is  fair  to  conclude  that  the  drift  was  cut  through  by  the  end 
of  1875.  This  would  give  one  year's  exposure  of  the  rock  surfaces 
by  January,  1877,  the  date  when  the  thermometer  readings  were 
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begun.  The  quantity  of  air  flowing  through  is  assumed  to  be  GOOO 
cubic  feet,  as  in  the  previous  calculations.  The  gain  of  heat  under 
these  circumstances  was  as  follows,  in  degrees  Fahrenheit  and 
monthly  averages: 

YELLOAV   JACKET    MINE,    1732-FOOT    LEVEL,    1877. 

South  Winze.  North  Winze.  Gain. 

January, 75.62  86.50  10.88 

February, 76.85  83.87  7.02 

March, 76.10  88.89  12.79 

April 77.-18  88.23  10.75 

May, 81.42  91.11  9.69 

June, 79.39  91.62  12  23 

Average  for  six  months,  ........  10.56 

As  before  shown,  the  heat  absorption  amounts  to  1128  pound-heat- 
units  per  minute,  which  corresponds  to  the  heat  from  0.15  pound 
of  coal  per  minute,  or  216  pounds  in  twenty-four  hours. 

In  this  drift  then,  with  an  average  age  of  at  least  a  year  and  a 
quarter,  the  rock  surface  gives  out  as  much  heat  as  would  be  ob- 
tained from  coal  fires,  placed  at  distances  of  100  feet,  the  whole 
length  of  the  drift,  and  each  burning  52.-3  pounds  of  coal  daily. 
Only  one  candle  burns  constantly  in  the  drift,  and  the  travel  does 
not  amount  to  more  than  two  hundred  trips  of  one  man  in  one  direc- 
tion in  twenty-four  hours.  The  effect  of  this  travel  is  limited  to  the 
change  of  shifts  and  the  transport  of  rock  and  timber,  both  of  which 
are  concentrated  in  short  spaces  of  time.  A  hoisting-engine  in  the 
winze  uses  about  9000  cubic  feet  of  compressed  air  daily,  at  fifty 
pounds  pressure,  which  is  quite  sufficient  to  neutralize  all  the  heat 
that  can  be  obtained  from  the  transitory  presence  of  men  in  the  drift. 
To  further  show  how  completely  this  source  of  heat  may  be  neglected, 
it  is  enough  to  say  that  only  the  morning  observation,  at  6  a.m.,  is 
made  at  or  near  the  time  of  this  travel. 

In  other  respects  I  have  not  observed  any  circumstances  which 
throw  serious  doubt  upon  the  thermometer  readings.  The  instru- 
ments are  not  standards,  it  is  true,  but  they  are  properly  hung  on 
timbers,  and  usually  with  ten  or  twelve  inches  of  wood  or  air  be- 
tween them  and  the  rock  surface.  Whenever  compared  with  one  ot 
the  Survey  thermometers,  hung  in  the  centre  of  the  moving  air-cur- 
rent, they  have  not  shown  a  variation  of  more  than  one  degree.  The 
daily  readings  are  quite  uniform,  the  fluctuations  of  more  than  one 
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degree  not  exceeding  23  in  a  series  of  about  360  observations.     The 
highest  fluctuation  noticed  is  three  degrees. 

There  can  be  no  doubt  that  the  discharge  of  heat  is  real,  that  this 
heat  is  constantly  removed  by  the  air,  and  that  it  comes  from  the 
rock.  When  we  regard  the  two  main  hypotheses  which  have  been 
trusted  to  explain  the  high  temperature  so  often  noticed  in  volcanic 
rocks,  namely,  internal  heat  of  the  earth,  and  residual  heat  stored  up 
in  the  rock  mass,  it  is  difficult  to  understand  how  either  of  these 
sources  can  maintain  this  enormous  discharge  of  heat  for  years.  The 
circumference  of  the  drift  is  about  twentv-eig-ht  feet,  outside  of 
timbers,  the  dimensions  being  six  feet  six  inches  at  bottom,  five  feet  six 
inches  at  top,  and  eight  feet  high,  when  the  timbers  are  twelve  inches 
thick.  The  area  of  the  walls  is  therefore  413X28,  or  11,464 
square  feet,  and  the  heat  radiation  amounts  to  142  pound-units  per 
square  foot  in  twenty-four  hours. 

Experiments  have  been  made  to  ascertain  the  radiation  of  heat 
from  a  blast  furnace  smelting  iron  ores.  Its  walls  were  probably 
less  than  five  feet  thick,  and  within  the  furnace  a  furious  fire,  pro- 
ducing an  average  temperature,  in  the  upper  part  of  the  furnace,  of 
probably  1200°  Fahrenheit,  was  constantly  maintained,  and  under 
these  circumstances  the  radiation  in  twenty-four  hours  was  ascer- 
tained to  be  about  145  Fahrenheit  pound-units  of  heat  per  square 
foot  per  hour,  or  3450  per  twenty-four  hours.  The  heat,  as  con- 
stantly given  out  by  the  walls  of  this  drift,  is  therefore  nearly  four 
per  cent,  of  that  which  the  furnace  walls  radiated.  Considering  the 
long  exposure  of  the  rock — for  one  year — and  the  unremitted  re- 
moval of  heat,  it  seems  incredible  that  a  definite  store  of  heat  placed 
in  the  volcanic  mass,  once  for  all,  could  furnish  the  necessary  sup- 
ply. The  amount  of  heat  transmitted  is  inversely  as  the  distance 
between  the  source  and  the  point  at  which  it  is  discharged,  so  that 
with  a  definite  store  of  heat  the  rock  near  the  drift  would  cool 
rapidly,  and  a  layer  of  cooled  rock  would  be  established  in  a  few 
years  which  could  not  give  passage  to  the  amount  of  heat  that  ex- 
periment shows  to  be  constantly  given  off  even  in  levels  that  have 
been  open  and  well  ventilated  for  five  years  and  more.  It  is  on  such 
considerations  and  facts  that  I  base  the  suggestion  advanced  in  this 
report,  that  the  supply  of  heat  is  constantly  maintained  by  chemical 
action  of  some  kind.  There  is  only  one  kind  of  chemical  action 
that  is  known  to  have  gone  on  to  any  considerable  extent  in  the 
Comstock  rocks,  and  that  is  the  alteration  of  feldspar  to  kaolin. 
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The  facts  here  given  are  held  to  indicate  that  this  extensive  alteration 
is  still  in  progress. 

Even  if  this  conclusion  is  granted,  it  still  remains  to  show  how 
the  heat  produced  by  this  alteration  can  be  poured  into  the  drifts  in 
such  quantities.  There  is  good  evidence  that  the  chemical  action  is 
not  confined  to  the  surfaces  of  the  mine  openings,  for  in  that  case 
the  rock  would  necessarily  flake  ofiP  and  swell  in  consequence  of  its 
superficial  alteration.  This  takes  place  to  a  considerable  extent,  but 
not  enough  to  account  for  more  than  a  small  portion  of  the  heat,  and 
there  are  extensive  areas  where  the  drifts  remain  for  years  without 
any  visible  sign  of  decomposition  in  the  rocks.  The  principal  part 
of  the  chemical  action  must  take  place  in  the  body  of  the  rock  mass, 
and  it  is  evidently  necessary  to  find  some  means  for  the  constant 
convevance  of  the  heat  produced  to  the  artificial  openings. 

The  vehicle  for  the  conveyance  of  this  heat  I  conceive  to  be 
gaseous  currents,  heated  by  the  chemical  action  spoken  of,  penetrating 
the  rocks  in  every  direction,  and  tending  to  discharge  themselves 
into  any  free  channel,  like  a  drift,  opened  in  the  ground.  The  source 
of  this  gas  is  primarily  the  atmosphere.  Water  is  capable  of  ab- 
sorbing 0.025  of  its  own  volume  of  nitrogen,  0.046  of  oxygen,  and 
its  own  volume  of  carbonic  anhydride  at  the  ordinary  atmospheric 
pressure.  At  a  higher  pressure  the  absorption  is  greater,  and  as  the 
water  in  the  rocks  two  thousand  feet  below  the  surface  is  under  a 
considerable  hydrostatic  head,  it  probably  contains  a  maximum 
quantity  of  gas. 

The  fixation  of  this  water  in  the  solid  form,  by  combination  with 
the  silicate  of  alumina,  necessarily  liberates  the  gas  it  has  di.s.solved, 
and  this  gas  must  then  seek  to  discharge  itself  at  the  only  point  that 
is  free  under  natural  conditions, — the  surface.  On  its  way  up- 
ward it  continually  meets  fresh  supplies  of  water,  and  is  reabsorbed 
until  the  water  becomes  saturated.  As  the  water  would  always 
carry  down  carbonic  anhydride  and  air  derived  from  meteoric  sources, 
there  would  be  additions  at  every  rainfall  to  the  store  of  gas  in  the 
strata,  and  the  cumulative  results  of  years  of  this  action  must  be  the 
saturation  of  the  rocks  with  gas,  so  that  whatever  is  liberated  by  the 
solidification  of  the  water  will  find  no  place  to  rest  without  pushing 
out  some  of  the  gas  already  held  so  abundantly  in  the  interstices  of 
the  rocks.  From  the  point  where  this  chemical  alteration  of  the 
feldspar  takes  place  there  must  be  a  discharge  of  gas  at  least  equal 
in  quantity  to  the  rainfall  which  reaches  that  depth,  and  this  stream 
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of  hot  gas  will  take  its  way  to  the  surface  and  maintain  the  heat  lost 
by  radiation  from  the  rocks  through  which  it  passes. 

Though  rocks  readily  yield  passage  to  vapors  and  gases  when  dry, 
the  contrary  is  true  when  they  are  wet;  then  the  pores  filled  with 
water  are  closed  to  the  gases.  On  the  Comstock  we  find  areas  of 
wet  and  dry  rock  disposed  in  highly  inclined  sheets,  of  which  the 
dry  greatly  preponderate  in  thickness,  forming,  indeed,  the  main 
mass  of  propylite,  in  which  the  wet  portions  stand  as  isolated 
layers.  Both  are  heated,  and  to  an  equal  degree,  or  at  all  events  the 
experiments  hitherto  made  have  not  been  careful  enough  to  ascertain 
any  variation,  but  in  the  higher  heat  of  the  mine  waters  we  may  pos- 
sibly have  evidence  of  some  wet  bands  that  maintain  a  temperature 
excessively  high  even  for  the  Comstock. 

It  is  quite  possible  that  the  wet  layers  serve  as  channels  to  carry 
down  a  reagent,  water,  which  produces  heat  by  chemical  combina- 
tion in  the  lower  depths,  and  the  dry  rocks  serve  to  transmit  to  the 
surface  the  gases  liberated  from  the  combining  water,  and  bringing 
the  resultant  heat  with  them.  Thus  the  wet  rocks  are  heated  by 
decomposition  in  place,  and  the  dry  rock  by  the  passage  of  hot  gases 
from  that  decomposition. 

It  is,  therefore,  conceivable  that  the  rapid  flow  of  heat  into  the 
drifts  is  caused  by  streams  of  hot  gas  filtering  readily  through  the 
porous  rock,  under  the  pressure  to  which  it  must  be  subjected,  as 
a  consequence  of  its  deep  subterranean  position.  These  gaseous  cur- 
rents do  not  make  themselves  evident  to  the  senses  over  the  ordi- 
nary surfaces  of  drifts,  but  they  frequently  pour  out  of  drill-holes 
with  strength  sufficient  to  flare  a  candle-flame.  "Blowers"  of  gas 
are  met  with,  but  not  with  more  than  usual  frequency  in  mining 
operations.  Accumulations  of  choke-damp  in  old  drifts  are  com- 
mon, though  perhaps  not  more  so  than  in  all  mines.  The  mine 
waters  evidently  contain  gas,  which  bubbles  through  them,  and  some- 
times in  quantity  sufficient  to  produce  a  moderate  boiling. 

None  of  the  analyses  quoted  above  give  the  amount  of  carbonic 
anhydride  present  in  the  mine  waters,  but  there  are  evidences  that 
it  must  be  dissolved  in  considerable  quantities.  All  water-channels 
in  the  mines  fill  up  with  a  reddish  powder,  caking  but  slightly,  and 
sometimes  nearly  filling  conduits  that  are  placed  at  a  considerable 
distance  from  the  source  of  the  water.  In  the  absence  of  analysis, 
this  may  be  assumed  to  be  composed  mainly  of  alumina,  lime,  iron, 
and  silica,  precipitated  by  the  evaporation  of  the  gaseous  carbonic 
anhydride,  which  is  recognized  as  a  powerful  agent  for  the  solution 
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of  these  substances  in  water.  Similar  depositions  occur  in  other  mines 
from  this  cause,  and  they  indicate  decomposition  of  the  neighbor- 
intj  rocks. 

The  presence  of  such  gas  currents  affords  another  exphuiation  of 
the  hot  spots  observed  in  the  mines.  In  discussing  this  phenomenon 
it  -was  observed  that  these  places  lay  in  belts  of  rock  that  are  pecn- 
liarlv  susceptible  to  decomposition,  but  if  the  rocks  are  ])ermeated 
by  currents  of  hot  gas,  it  is  evident  that  those  portions  which  are 
most  fissured  will  give  the  most  ready  means  of  exit  to  the  gas,  and 
therefore  be  kept  at  the  highest  temperature.  Such  may  be  the  true 
cause  of  tire  high  heat  observed  in  the  Imperial  incline,  lying  along 
the  Black  Dike,  which  is  not  everywhere  exceptionally  hot ;  and 
also  in  the  northeast  drift,  on  the  2001  level  of  the  same  mine, 
which  is  run  along  a  branch  dike.  The  Black  Dike  appears  to  be, 
on  the  whole,  less  susceptible  to  decomposition  than  the  rocks  which 
inclose  it,  but  it  is  frequently  accompanied  by  highly  fissured  rocks 
some  feet  in  thickness,  a  phenomenon  common  to  eruptive  dikes.  A 
thin  and  unimportant  seam  of  quartz  is  also  found  at  many  points 
in  its  course,  which  indicates  the  presence  of  a  previous  crevice,  or 
broken  ground.  These  conditions  evidently  are  favorable  to  the  free 
passage  of  currents  either  of  gas  or  water. 

Such  currents  of  gas  do  not  account  for  the  cold  belts  of  rock, 
which  are  not  dense,  but,  in  every  case  noticed,  fissured  and  wet,  and 
it  is  probable  that  both  the  causes  here  advanced — local  decomposi- 
tion of  different  intensities  and  gaseous  currents — are  in  action. 

It  is  to  be  regretted  that  the  casual  and  frequently  intermitted  ob- 
servations upon  heat,  which  were  all  that  the  pressure  of  other  duties 
])ermitted  me,  were  not  so  calculated  as  to  take  advantage  of  the  ac- 
curate results  obtained  by  Sir  "William  Thomson,  from  Professor 
Forbes's  observations  in  the  trap  rock  of  Calton  Hill,  Edinburgh. 
He  found  that  if  a  plate  of  this  material,  one  foot  tliick,  had  one 
side  kept  at  a  temperature  constantly  one  degree  hotter  than  the 
other  side,  the  heat  Avhich  would  pass  through  it,  in  one  year,  would 
be  sufficient  to  raise  144.1  cubic  feet  of  water  one  degree  in  tempera- 
ture ;  or,  0.3863  cubic  foot  in  twenty-four  hours.  But  the  amount 
of  heat  transmitted  varies  as  the  thickness  of  the  plate,  and  it  would 
be  necessary  to  ascertain  accurately  the  heat  at  different  depths,  in 
the  same  locality,  before  the  true  rate  of  transmission  in  the  Com- 
stock  drifts  could  be  settled.  Only  one  observation  of  the  surface 
temperature  in  a  drift  was  made.  With  a  temperature  of  136°  F.,  in  a 
drill-hole  bored  in  the  freshly  exposed  rock  of  the  heading,  and  an 
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air  temperature  of  110J°  F.,  in  the  drift,  a  thermometer  laid  on  a 
projecting  point  of  the  wall,  fifteen  or  twenty  feet  from  the  heading, 
showed  123°  F.  This  surface  must  have  been  about  four  days  old. 
The  reading  gives  a  certain  amount  of  precision  to  the  expression 
of  a  fact  well  known  to  the  miners, — that  the  rock  cools  rapidly  in 
the  first  few  days  of  exposure. 

But  while  the  observations  made  in  these  mines  are  neither  exact 
enough  nor  complete  enough  to  permit  general  deductions  on  the  basis 
of  Sir  William  Thomson's  formula,  it  is  possible  to  make  sufficient 
use  of  them  to  demonstrate  the  fact  that  transmission  alone  cannot 
produce  the  results  observed.  Between  the  2200  and  the  1732 
levels  of  the  Yellow  Jacket  Mine  there  lies  a  stratum  of  rock  468 
feet  thick.  Its  lower  surface  is  constantly  maintained  at  a  temper- 
ature which  is,  taking  the  mean  of  two  readings,  138°  F.,  and  from 
the  walls  of  a  drift  opened  at  its  upper  surface  there  is  a  constant 
absorption  of  heat  by  an  air-current,  amounting  to  142  pound-heat- 
units  per  square  foot  and  twenty-four  hours,  this  being  the  mean 
of  a  six  months'  period  of  observation. 

Since  the  transmission  of  heat  through  a  one-foot  stratum  of  rock, 
having  a  difference  of  one  degree  between  the  temperature  of  its 
upper  and  lower  surfaces,  is  sufficient  in  twenty-four  hours  to  heat 
0.3863  cubic  foot  of  water,  one  degree  Fahrenheit,  for  each  square 
foot  of  surflice;  we  have,  0.3863X62.447  =  24.123  pound-heat- 
units,  transmitted  through  eruptive  rock  in  twenty-four  hours,  per 
square  foot  of  surface,  under  these  conditions.  For  a  stratum  468 
feet  thick,  the  transmission,  being  inversely  as  the  thickness,  would 
amount  to  0.0515  pound-heat-units,  per  square  foot  for  each  degree 
of  difference  in  temperature  between  the  upper  and  lower  surfaces. 

To  maintain  the  radiation  of  142  pound-heat-units,  per  square 
foot  of  surflice  on  tfie  upper  level,  at  this  rate  of  transmission,  would 
require  a  temperature  of  142^0.0515  =  2757  degrees  Fahrenheit 
on  the  2200  level. 

Mr.  Charles  T.  HofPmann  found  the  following  temperatures  in 
the  1531  level  of  the  Yellow  Jacket  Mine  in  1873: 

Dry  hole  in  upper  part  of  the  header,    ....     123°  F.    . 
AVft  hole  in  lower  part  of  the  header,     ....     120°  F. 
Air  in  the  drift, 102°  F. 

Taking  the  difference  between  the  heat  of  the  dry  hole  on  this 
level  and  that  found  on  the  2200  level,  or  138°— 123°  =  15°,  we 
have  au  increase  of  fifteen  degrees  in  670  feet  of  depth.     This  gives 
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an  average  rate  of  increase  amounting  to  one  degree  for  45. G7  feet, 
and  this  is  so  near  that  determined  by  rae  for  tlie  whole  ground  (one 
degree  to  45.45  feet),  tliat  for  the  purpose  of  this  calculation  we  may 
safely  take  one  degree  to  45.5  feet  of  descent  to  be  the  rate  of  in- 
crease for  this  mine.  By  this  there  should  be  an  increase  of  4.4 
degrees  between  the  1531  and  the  1732  levels,  and  the  temperature 
of  the  latter  would  be  that  of  the  1531  plus  the  increase;  or  123°  + 
4.4°  :=  127.4°.  Therefore,  the  difference  between  the  temperature 
of  the  1732  and  the  2200  levels  is  nominally  138°— 127.4°=  10.6°. 
Our  rock  stratum  of  468  feet  thickness  accordingly  has  its  lower 
surface  constantly  maintained  at  a  temperature  10.6°  higher  than  its 
upper  surface.  Its  rate  of  transmission  being  0.0515  pound-lieat- 
units,  per  square  foot  and  twenty-four  hours,  the  radiation  on  the 
1732  level  should  be  0.0515  X  10.6°  =  .05459  heat-units.  This  is 
only  3.84  per  cent,  of  the  radiation  which  is  found  to  be  actually 
taking  place. 

The  case  may  also  be  stated  in  another  way.  If  the  transmission 
through  a  one-foot  stratum  is  24.123  pound-units  per  square  foot, 
in  twenty-four  hours,  for  each  degree  of  difference  in  temperature, 
and  the  radiation  on  the  1732  level  is  142  pound-units  for  the  same 
surface  and  time,  it  is  evident  that  a  rock  stratum  having  its  lower 
surface  kept  10.6  degrees  hotter  than  its  up))er  surface,  could  at  this 
rate  not  exceed  -a  thickness  of  1.8  feet.  For  a  stratum  of  this 
thickness  would  transmit  13.4  pound-heat-units  per  square  foot  in 
twenty-four  hours,  and  13.4  X  10.6°  i=  142  units  for  the  radiation. 
Instead  of  the  height  of  468  feet  between  the  2200  and  1732  levels, 
the  law  of  transmission  would  not  admit  of  a  stratum  more  than 
twenty  inches  thick  between  the  surface  where  a  radiation  of  142 
foot-pound  heat-units  is  in  progress  and  the  surface  where  an  excess 
of  10.6°  F.  is  maintained. 

It  is  true  that  the  accuracy  of  these  results  is  vitiated  by  the  fact, 
that  the  walls  of  the  drift  represent  a  little  more  than  four  times 
the  real  upper  surface  of  the  stratum,  but  even  if  allowance  is  made 
for  this  only  sixteen  per  cent,  of  the  total  radiation  in  the  drift  can 
be  accounted  for  by  mere  transmission.  Rude  as  the  calculations 
are,  they  establish  the  assertion  that  .some  other  cau.se  for  the  passage 
of  heat  through  these  rocks  must  be  sought. 

It  would  be  interesting  to  learn  the  rate  at  which  heat  pa.sses 
through  these  rocks  under  the  combined  operation  of  gaseous  cur- 
rents and  ordinary  transmission.  Ample  opportunities  exist  for 
trustworthy  experiments  upon  the  subject,  for  there  are  scores  of 
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diamond-drill  bore-boles,  eacb  some  hundreds  of  feet  in  lengtb,  on 
different  levels  in  all  parts  of  the  lode.  But  no  data  have  been  col- 
lected even  for  such  rough  calculations  as  I  have  ventured,  upon  in 
this  paper. 

On  this  account  it  is  equally  impossible  to  apply,  at  present, 
Joule's  discovery  that  gases  do  not  lose  heat,  or  not  so  much  heat, 
in  expanding  when  they  pass  through  a  porous  plug  as  when  they 
are  delivered  freely.  The  rock  evidently  acts  as  such  a  plug  to  any 
gases  contained  in  them.  Nevertheless,  the  fact  is,  it  does  cool  rap- 
idly ;  its  rate  of  transmission,  excessive  as  it  is  by  Sir  William  Thom- 
son's formula,  not  being  sufficient  to  maintain  its  temperature  with 
an  air-current  passing.  To  what  depth  this  refrigeration  extends  is 
not  known. 

It  is  easy  to  see  that  the  presence  of  gaseous  currents  in  the  strata 
of  the  earth  is  not  confined  to  the  region  of  the  Comstock  lode,  but 
must  take  place  wdierever  meteoric  waters  are  carried  into  low-lying 
strata,  and  there  enter  into  chemical  combination  with  mineral  sub- 
stances. The  regenerative  action  by  which  each  dose  of  rain-water 
intercepts  the  escaping  currents  of  gas,  as  they  rise  through  the  rocks, 
and  adds  to  the  store  it  has  brought  from  the  surface,  until  the  point 
of  saturation  is  reached,  must  also  go  on  wherever  hydration  takes 
place  in  underlying  rocks.  The  extreme  discrepancies  in  the  records 
of  subterranean  rock  temperatures,  so  far  as  they  have  been  ob- 
served, have  never  been  explained,  but  it  seems  probable  that  wher- 
ever kaolinization  is  taking  place,  the  temperature,  both  of  the  strata 
affected  and  of  those  overlying  them,  will  be  raised. 

It  has  been  pointed  out  above  that  the  susceptibility  of  the  Com- 
stock rocks  to  feldspathic  decomposition  cannot  be  considered  a  pecu- 
liarity, since  volcanic  areas  in  other  places,  exhibit  similar  heat  phe- 
nomena. All  the  rocks,  propylite,  diorite,  and  andesite,  show  this 
tendency  to  break  up  under  the  action  of  water.  On  the  surface 
there  are  areas  where  the  alteration  has  been  deep,  and  others  of  just 
as  ancient  exposure,  where  hardly  anything  more  than  discoloration 
has  taken  place,  the  material  remaining  firm.  A  similar  state  of 
things  is  found  below  the  surface,  and  at  all  depths  reached  by  the 
works.  Soft  seams,  hard  rocks,  which  remain  hard  through  years  of 
exposure,  and  hard  rocks  which  flake  down  and  soften  under  the  ac- 
tion of  the  air,  are  all  met  with,  and  apparently  are  not  distinguished 
by  raineralogical  differences. 

Upon  examining  these  varying  layers,  the  conclusion  seems  irre- 
sistible that  the  very  soft  rocks  have  been  the  channels  of  the  me- 
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tcoric  waters,  and  perhaps  also  of  rising  mineral  waters,  while  the 
solid  and  unaltered  ones  have  not  been  the  seat  of  water  movements 
to  any  great  extent.  This  observation  makes  the  heat  of  the  hard 
rooks  all  the  more  noticeable.  They  are  hot,  and  sometimes  rock 
which  is  perfectly  solid,  both  before  and  after  exposure  to  the  air,  is 
as  hot  as  any  of  the  layers  met  with,  though,  as  a  rule,  the  more  de- 
composed seams  are  either  colder  or  hotter  than  the  unchanged 
layers. 

In  the  decomposed  layers  which  I  have  supposed  to  be  the  chan- 
nels of  the  rising  solfataric  waters,  the  clay  exists  in  a  state  of  in- 
complete hydration.  It  absorbs  water  with  great  avidity,  and  under 
such  circumstances  develops  unusual  heat.  When  drifts  are  oj^ened 
in  such  material,  the  clay  absorbs  moisture  from  the  air  currents, 
swells,  and  throws  off  flakes  of  rock  which  would  come  down  indefi- 
nitely if  they  were  not  kept  back  by  timbers.  Sometimes,  the  break- 
ing of  a  pump  allows  water  to  rise  upon  such  a  stratum,  and  then 
the  swelling  is  so  great  and  forcible  that  timbers  twelve  and  fourteen 
inches  thick  are  broken  and  split  into  small  i)ieces. 

These  decomposed  layers  may  be  looked  upon  as  the  furnaces  of 
the  district.  They  are  found  on  both  sides  of  the  vein  and  in  all 
the  rocks  of  the  region.  Sometimes  widely  separated,  they  also  fre- 
quently lie  within  one  or  two  hundred  feet  of  each  other.  Consid- 
ering the  low  specific  heat  and  conductivity  of  rocks,  it  is  not  sur- 
prising that  a  temperature  of  130°  Fahrenheit  should  have  been 
reached  and  maintained  at  depths  of  fifteen  hundred  feet  and  more, 
where  radiation  is  necessarily  slow. 

Whatever  the  exact  mode  of  decomposition  is,  it  is  certain  that 
the  result  is  the  same  as  if  the  Comstock  mines  were  excavated  in  a 
mass  of  burning  material.  At  present  the  source  of  the  decomposi- 
tion is  probably  atmospheric  action.  For  a  certain  distance  from 
the  surface,  which  may  be  approximately  put  at  1000  feet,  the  pro- 
cess was  complete  or  nearly  so,  before  the  advent  of  man.  The  fire 
had  burned  out,  and  the  rock  had  cooled  down. 

When  this  zone  of  burnt-out  rock  had  been  passed  in  the  mines 
a  lower  zone  was  entered,  and  here  the  fire  was  found  to  be  still  in 
progress.  It  is  not  unfrequently  said  that  the  heat  of  the  mines  has 
not  increased  as  they  have  deepened,  and  in  proof  of  the  assertion  it 
is  reported  that  the  first  bodies  of  hot  water  struck  were  nearly  as 
hot  as  those  that  have  been  tapped  at  lower  levels. 

I  am  inclined  to  doubt  the  strict  accuracy  of  this  statement, 
though  it  Ls  quite  possible  that  isolated  bodies  of  water,  tapped  on 
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the  upper  levels,  may  have  had  high  tempei'atures,  and  been  derived 
from  portions  of  the  country  rock  that  were  in  a  more  vigorous  state 
of  chemical  action  on  that  level  than  the  general  mass.  But  the 
average  heat  of  the  water  has  increased  in  going  lower.  Mr.  King, 
as  before  quoted,  gives  70°  to  75°  Fahrenheit  as  the  average  from 
the  surface  down  to  the  700  foot  level,  and  108°  Fahrenheit  as  the 
maximum  in  the  lowest  workings  of  the  Empire,  Crown  Point,  and 
Hale  &  Norcross,  which  at  that  time  (1869)  were  about  1000  feet 
below  the  surface.  This  conclusion  was  formed  after  a  careful  com- 
parison of  numerous  observations.  It  is  probable  that  after  passing 
through  a  certain  thickness  of  rock,  in  which  alteration  had  nearly 
ceased,  the  average  temperature  has  increased  with  some  uniformity 
to  its  present  stand-point. 

FUTURE    INCREASE    OF    THE    HEAT. 

This  brings  me  to  the  important  question  :  Will  the  heat  con- 
tinue to  increase?  If  it  does  increase,  will  it  rise  to  the  point  of 
boiling  water? 

The  elements  of  the  problem  are  too  vague  for  a  definite  opinion 
on  this  subject.  We  do  not  know  how  rapid  the  alteration  of  the 
feldspar  is,  how  much  heat  it  produces,  nor  how  much  surface-water 
reaches  the  hot  ground  yearly. 

The  temperature  of  the  water  in  some  of  the  springs  at  Steamboat, 
twelve  miles  distant  from  the  lode,  is  sufficient  local  proof  that  the 
rocks  of  the  region  are  capable  of  producing  heat  enough  to  raise  a 
considerable  quantity  of  water  to  the  boiling-point,  and  at  a  certain 
depth  this  may  be  the  temperature  of  the  rock  at  the  mines.  It 
seems  probable,  however,  that  this  depth  is  one  that  will  not  be 
reached  by  mining  in  this  century,  if  ever. 

In  discussing  this  question  it  is  necessary  to  keep  clearly  in  mind 
the  fact  that  there  are  two  distinct  classes  of  hot  rocks  encountered. 
One  is  the  ordinary  rock,  which  forms  much  the  greater  part  of  the 
ground  worked  in.  The  other  contains  a  number  of  individual 
belts,  or  bands,  of  hot  or  cold  rock,  which  are  found  inclosed  in  the 
former.  The  nature  of  these  peculiar  bands  will  be  considered  here- 
after. It  is  upon  the  condition  of  the  first  class,  or  the  rocks  which 
compose  most  of  the  mining  ground,  that  a  discussion  of  the  general 
temperature  must  be  based.  If  we  assume  the  rate  of  increase  in 
these  rocks  to  be  uniform  from  108°  Fahrenheit  at  the  1000-foot 
level  to  130°  at  the  2000  level,  it  represents  2.2  degrees  Fahren- 
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heit  for  100  feet  of  depth,  or  1  degree  to  45.45  feet.  The  lower 
of  these  temperatures  is  that  assigned  by  Mv.  King  to  the  "lowest 
workings  of  the  Empire,  Crown  Point,  and  Hale  &  Xorcross," 
and  its  depth  at  the  time  he  wrote  was  between  1000  and  1100  feet. 
Mr.  King  gives  this  as  the  maximum  temperature,  and  from  the 
table  of  observations  published  by  him  it  is  ])robable  that  the  average 
may  have  been  in  the  neighborhood  of  100°  Fahrenheit.  On  the 
other  hand  the  temperatures  on  the  2000-foot  level  and  bchnv  that 
were  sometimes  136°  and  139°  Fahrenheit.  Assuming  it  at  140°, 
iu  order  to  obtain  a  maximum,  we  have  a  difference  of  140°— 100°, 
or  an  increase  of  40°  in  1200  feet  of  depth;  an  average  of  4°  to 
100  feet,  or  1°  to  25  feet. 

The  great  difference  between  this  minimum  and  maximum  calcu- 
lation shows  how  untrustworthy  such  estimations  are  when  based 
upon  a  limited  number  of  observations.  The  uncertainty  is  greatly 
increased  by  the  differences  in  temperature  which  exist  within  siiiall 
distances.  When  such  calculations  are  presented  in  this  report  they 
are  to  be  accepted  rather  as  illustrations  than  as  positive  estimations. 
It  is  also  worth  noticing  that  these  rates  of  increasing  temperature, 
taken  in  the  hottest  mines  in  the  world,  and  where  the  heat  is  almost 
entirely  due  to  natural  causes,  and  not  to  the  artificial  conditions  of 
bad  ventilation,  crowded  mines  and  combustible  material,  do  not 
much  exceed  those  which  have  been  reported  in  numerous  other 
localities  where  no  remarkable  circumstances  were  noted.  The 
higher  rate,  25  feet  to  1°,  is  perhaps  excessive,  but  many  determina- 
tions in  ordinary  rocks  have  given  as  much  as  45|  feet. 

The  greatest  depth  to  which  engineers  of  the  present  day  are 
looking  forward  as  the  maximum  to  which  they  may  be  called  u])on 
to  sink  is  from  4000  to  6000  feet.  The  former  depth  will  no  doubt 
be  reached  by  the  present  generation,  but  I  believe  pre[)arations  for 
sinking  to  the  latter  distance  have  not  yet  been  made  in  any  country. 

If  the  heat  of  the  general  mass  of  rock  increases  at  the  rate  of  one 
degree  for  45.5  feet,  and  the  temperature  at  2000  feet  is  130°  Fah- 
renheit, the  increase  for  2000  feet  more  would  be  44°  and  the  tem- 
perature, at  the  4000  foot  level,  would  then  be  174°  Fahrenheit. 
At  the  6000  foot  level  it  would  be  218°. 

By  the  maximum  rate  of  increase  calculated  above,  or  one  de- 
gree to  25  feet,  the  temperature  at  the  depth  of  4000  feet  would  be 
210°,  and  at  6000  feet  depth  290°. 

It  is,  however,  a  matter  for  grave  doubt  whether  under  the  exist- 
ing circumstances  of  the  Comstock  region  the  rock  will  be  found  at 
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any  depth  to  have  the  temperature  of  212°  Fahrenheit,  The  access 
of  atmospheric  air  and  water  must  decrease  proportionately  to  the 
depth,  after  a  certain  point  is  reached,  and  at  that  point  the  decom- 
position of  the  rock  and  the  heat  produced  will  be  at  a  maximum. 

The  opinion  that  the  heat  will  increase  from  its  present  stand- 
point, is  a  necessary  deduction  from  the  explanation  which  I  give  of 
the  whole  series  of  phenomena.  I  cannot  agree  with  the  conclusion 
of  Mr.  King,  that  the  heat  of  the  rocks  is  brought  in  by  water  that 
rises  from  great  depths  and  in  a  heated  condition.  I  consider  that 
the  reverse  action  is  the  one  which  is  really  going  on.  The  r(,)ck 
heats  the  water. 

The  temperature  of  the  rock  was  determined  by  a  number  of  trials 
to  be  130°  Fahrenheit,  as  stated  above,  while  water  in  large  quanti- 
ties comes  into  the  workings,  exhibiting  a  temperature  of  154°  Fah- 
renheit. According  to  the  hypothesis  here  advanced  there  must  be 
rock  of  this  temperature  somewhere  in  or  near  the  lode.  If  the  water 
is  assumed  to  rise  from  great  depths  and  the  rate  of  increase  is  uni- 
formly one  degree  for  45|  feet,  the  Savage  and  Hale  &  Norcross  water 
of  154°  temperature  must  come  from  the  depth  of  about  3100  feet, 
if  the  temperatures  taken  in  the  Crown  Point  2000  level  are  assumed 
as  a  basis  for  calculation.  Unfortunately  it  was  not  possible  to  obtain 
data  from  the  flooded  mines,  as  their  lower  levels  were  covered  by  sev- 
eral hundred  feet  of  water  during  the  whole  of  the  field  season.  The 
depth  of  3100  feet  is  900  feet  below  the  level  on  which  the  water  was 
struck. 

Since  the  theory  that  the  rocks  are  heated  by  water  drawn  from 
great  depths  has  been  rejected  in  this  report,  it  is  necessary  to 
explain  how  it  is  that  the  water  coming  into  the  mines  is  almost  uni- 
formly hotter  than  the  rocks,  except  when  it  is  palpably  surface  water, 
filtering  down  through  a  shattered  seam. 

It  seems  to  be  pretty  well  settled  that  the  waters  of  the  lode  occupy 
strata  of  rock  which  are  generally  parallel  with  it,  these  strata  being 
separated  by  clays,  dikes,  or  solid  strata  which  are  impervious  to 
water,  and  accordingly  retain  the  liquid  between  them.  The  numer- 
ous long  drifts  run  to  the  eastward,  cut  these  parallel  strata  in  great 
numbers,  and  tap  the  water  they  contain,  sometimes  in  formidable 
quantities.  But  in  spite  of  the  number  of  these  drifts,  it  is  probable 
that  some  bodies  of  water  have  never  been  drained,  but  remain  in  the 
country  rock  at  levels  much  above  the  lowest  workings  of  the  mines. 

I  consider  these  water-bearing  bands  of  rock  lying  parallel  with 
the  lode,  to  be  identical  with  some  of  the  hot  bands  previously 
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described,  and  a  little  consideration  will  show  that  the  seamy  and 
shattered  condition  which  fits  a  rock  for  storing  up  water  in  large 
quantities  also  increases  its  sUvSceptibility  to  decomposition  by  increas- 
ing the  surfaces  acted  on.  The  vast  quantities  of  water  which  have 
again  and  again  suddenly  flooded  one  mine  after  another  are  evidence 
that  the  reservoirs  which  contain  them  are  also  made  up  of  shattered 
seams,  for  the  undecomposed  rock  of  this  region  is  finely  porous, 
and  not  coarsely  porous.  It  could  hardly  contain  as  much  water  as 
an  ordinary  sandstone,  and  certainly  it  could  not  give  up  its  fluid 
contents  with  any  great  rapidity  when  in  its  natural  condition. 
These  facts  have  been  recognized  for  a  long  time  in  the  Comstock, 
where  there  is  now  a  settled  conviction  among  intelligent  observers 
that  the  great  inflows  of  water  come  from  shattered  and  decomposed 
seams,  parallel  with  the  lode,  and  sometimes  of  great  thickness.  The 
old  idea  that  the  country  rock  contains  cavernous  o})enings  holding 
large  bodies  of  water  has  been  abandoned,  in  consequence  of  the  proof 
afforded  by  more  than  a  hundred  miles  of  exploratory  workings,  that 
the  inclosing  rocks  are  singularly  free  from  vugs  and  open  crevices. 
Very  few  have  been  found  in  proportion  to  the  ground  penetrated. 

These  facts  force  upon  us  the  conclusion  that  the  high  temj)crature 
of  the  floods  of  water  is  not  necessarily  due  to  the  depth  of  their 
origin.  It  is  more  probable  that  the  hot  waters  come  from  seams 
which,  on  account  of  their  shattered  condition,  are  both  more  sus- 
ceptible to  chemical  action  and  also  more  capable  of  storing  up 
the  fluid.  They  are  the  "  hot  belts"  of  the  country  rock.  Not  only 
is  the  deep  origin  of  the.  hot  waters  not  proved  by  the  facts,  but  the 
contrary  hypothesis  is  strongly  borne  out.  When  they  are  encoun- 
tered, it  is  quite  a  common  experience  to  strike  them  hclow  the  high- 
est point  of  their  source,  and  the  mine  is  often  flooded  by  such  an 
occurrence  to  the  depth  of  several  hundred  feet.  The  case  of  the 
Savage  and  Hale  &  Xorcross  mines  is  quite  in  point.  The  vast  accu- 
mulation of  water  which  has  disabled  them  for  nearly  two  years, 
was  first  struck  in  the  2200  level  of  the  Savage  and  filled  the  two 
mines  to  the  1700  level,  a  height  of  500  feet,  besides  filling  the  2400 
level  of  the  Savage.  The  pressure  which  lifted  this  water  through 
500  feet  of  height  cannot  be  attributed  to  the  tension  of  any  gas,  for 
it  has  been  shown  in  a  former  part  of  this  report  that  the  emanations 
of  '  as  in  the  mines  have  never  been  very  forcible. 

The  head  of  500  feet  under  which  this  water  entered  the  mine,, 
and  which  was  steadily  maintained  for  several  months,  during  which 
new  pumps  w^ere  put  in,  may  be  referred  with  the  most  probability 
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to  a  simple  hydrostatic  pressure.  Its  origin  was  not  deeper  tlian  the 
2200  level,  but,  on  the  contrary,  at  least  500  feet  above  it,  and  this 
fact,  taken  with  its  temperature  of  151°  Fahrenheit,  forms  the  most 
significant  evidence  in  regard  to  the  origin  of  all  these  bodies  of 
heated  water,  for  they  present  similar  phenomena. 

The  uniform  disposition  of  the  rocks  in  the  Comstock  region,  en- 
tirely unbroken  as  they  are  by  faults,  gives  strong  probability  to  the 
supposition  that  these  collections  of  water  extend  to  great  depths. 
I  suppose  that  there  is  a  certain  amount  of  convection  in  this  water  ; 
currents  from  the  upper  portions  of  the  strata  setting  dowuM'ard 
and  pressing  up  currents  of  hot  water  from  lower  depths.  This 
action  maintains  the  water  in  the  upper  parts  of  the  strata  at  a 
higher  temperature  th.an  it  would  otherwise  have.  The  hot  water 
drawn  from  the  lower  depths  presu])poses  the  existence  there  of  rock 
of  equal  temperature.  In  fact,  as  there  is  a  constant  loss  of  heat 
near  the  surface,  we  must  look  upon  the  highest  temperature  observed 
in  a  large  body  of  Avater,  154°  Fahrenheit,  as  a  mean  obtained  by- 
mixing  colder  water  from  the  upper  rocks  with  hotter  water  from 
those  below.  The  limited  rainfall  of  Nevada  would,  however, 
make  the  yearly  accession  of  water  very  small  when  compared  with 
the  quantities  which  we  may  su])])ose  the  rocks  to  hold  as  a  perma- 
nent store,  and  this  yearly  addition  would  be  heated,  probably  above 
130°  Fahrenheit,  by  the  heat  of  the  u})per  rocks,  and  the  fresh 
chemical  action  set  up  by  its  presence. 

From  all  these  considerations  it  is  judged  that  until  water  tem- 
peratures above  154°  Fahrenheit  are  observed,  we  may  content  our- 
selves with  the  belief  that  nothing  in  the  present  condition  of  things 
indicates  the  certainty  that  the  heat  will  ever  rise  to  the  boiling- 
point  of  water,  212°  Fahrenheit.  As  above  stated,  it  is  rational  to 
suppose  that  the  access  of  atmospheric  air  and  water  must  diminish 
in  proportion  to  the  depth  after  a  certain  point  is  reached.  At  that 
point  the  temperature  will  be  at  a  maximum.  Below  it  there  will 
be  a  state  of  equilibrium,  probably  for  a  very  considerable  depth. 
Below  that  the  heat  may  diminish  even  to  a  point  below  that  of  the 
highest  of  the  three  zones.  There  must  be  some  point  where  the 
absence  of  drainage  allows  the  water  to  lie  like  a  blanket  over  the 
rocks,  protecting  them  from  the  action  of  air  or  gases  from  the  sur- 
face. The  known  depth  required  for  the  production  of  a  tempera- 
ture amounting  to  130°  Fahrenheit,  is  so  great,  that  we  may  fairly 
doubt  whether  air  or  water  penetrate  to  lower  depths  in  quantity 
sufficient  to  maintain  mineral  decomposition  with  the  activity  neces- 
sary to  obtain  the  boiling  temperature. 
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The  boilino;  boat  of  the  water  at  Steamboat  Springs  is  evitlcnee 
that  the  chemical  action  is  going  on  there  near  the  surface.  The 
common  impression  that  these  springs  are  the  hist  indications  of  the 
volcanic  forces  which  poured  ont  the  torrents  of  melted  rock  that 
now  cover  this  whole  region,  may  be  accepted  in  a  modified  form. 
The  rocks  of  that  neiy;hborhood  mav  be  the  last  of  a  series  that  cer- 
tainly  occupied  an  enormous  time  for  their  ejection,  and  in  that  sense 
they  are  the  last  to  undergo  decomposition.  Chemical  action  is 
nearer  the  surface  in  them,  because  it  is  newer.  Its  maximum  line, 
is  higher  than  in  the  older  rocks  of  the  series,  which  are  those  that 
now  inclose  the  lode.  It  is  also  quite  possible  that  decomposition 
near  the  surface  may  be  intensified  by  the  action  of  organic  acids 
drawn  from  the  soil. 

To  recapitulate  briefly  the  facts  here  given,  this  explanation  of  the 
heat  phenomena  connected  with  these  remarkable  mines  therefore 
supposes  the  existence  of  a  cold,  and  what  may  be  called  a  burnt 
out,  layer  of  rocks,  extending  for  a  thousand  feet  below  the  surface, 
a  zone  of  hot  rock  still  in  active  decomposition,  which  has  been 
found  to  exist  for  a  depth  of  about  fifteen  hundred  feet  more,  and  no 
doubt  extends  thousands  of  feet  further,  and,  finally,  a  mass  of  cold 
rock  at  a  great  depth,  which  has  not  yet  begun  to  decompose.  This 
hypothesis  will  be  found  to  satisfy  all  of  the  observed  facts. 

The  peculiar  bands  of  hot  and  cold  rocks  which  have  been  de- 
scribed, are  simply  layers  of  rock  in  which  decomposition  has  been 
delayed  or  hastened.  When  the  texture  of  a  rock  is  such  that  it 
resists  decomposition  longer  than  other  layers  in  its  neighborhood,  it 
will  be  at  its  maximum  temperature  long  after  its  fellows  have 
passed  theirs  and  cooled  down,  and  this  I  conceive  to  be  the  situa- 
tion of  the  hot  bands.  They  are  individual  layers  of  rock  under- 
going delayed  decomposition. 

On  the  other  hand,  when  a  rock  is  peculiarly  susceptible  to  the 
action  of  the  air  and  water,  its  alteration  will  proceed  more  actively 
than  that  of  the  surrounding  rock.  It  will,  therefore,  pass  its  maxi- 
mum temperature  sooner,  and  be  cooled  down  by  the  time  that  its 
neighbors  begin  to  be  at  their  hottest.  This  is  the  state  of  the  cold 
bands.  These  bands,  in  fact,  offer  us  at  several  places  in  the  mines, 
examples  in  miniature  of  the  action  that  is  going  on  upon  a  grand 
scale  throughout  the  whole  sy.stem  of  rocks. 

All  the  known  facts  strengthen  the  supposition  which  is  advanced 
in  this  report,  that  the  heat  in  the  mines  is  subject  to  a  steady  and 
moderate  increase  as  their  depth  is  increased,  this  comparatively 
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regular  progression  being  broken  by  the  passage   through  belts  of 
rock  heated  above  the  average  of  the  "country." 

In  regard  to  the  single  mode  of  heat  production  suggested  here,  it 
is,  of  course,  possible  that  other  forms  of  mineral  alteration  than  the 
transformation  of  feldspar  to  clay  may  have  taken  place,  but  they 
have  not  been  observed.  The  minerals  of  the  country  rock  and  vein 
appear  to  be  the  same  in  depth  as  near  the  surface  in  the  cold  zone. 
The  rocks  are  remarkably  free  from  zeolites  and  other  evidences  of 
mineral  interchange  through  the  medium  of  water.  Whatever  has 
been  done  of  this  kind  is  almost  confined  to  the  deposition  of  quartz 
in  the  upper  mines,  and  of  quartz  and  calcite  in  the  lower  mines  of 
Virginia  and  Gold  Hill,  and  to  the  formation  of  clay.  Calcite  is 
found  in  the  Black  Dike  and  in  rocks  of  apparently  similar  composi- 
tion east  and  west  of  the  vein,  and  gypsum  also  occurs  on  the  surfaces 
of  fissured  seams ;  but  the  quantity  of  both  is  so  small,  excepting  in 
the  Devil's  Gate  part  of  the  district,  that  they  might  well  be  refer- 
red to  the  ordinary  action  of  atmospheric  waters  in  any  series  of  strata. 

RELATION  OF  TEMPERATURE  TO  DEPTH. 

The  temperature  of  the  rock  has  no  relation  to  fixed  levels.  There 
do  not  appear  to  be  horizontal  zones  in  the  earth,  with  a  tempera- 
ture peculiar  to  each  one.  But  the  relation  of  temperature  to  depth 
from  the  surface  is  apparent  through  all  the  variations  due  to  dif- 
ferences in  the  rocks  and  other  causes.  The  depths  given  are  reck- 
oned from  the  top  of  the  present  shaft  or  some  old  one  in  each  mine, 
and  there  is  no  common  datum  assumed.  The  altitudes  of  the  shafts 
vary  to  the  extent  of  several  hundred  feet,  but  there  has  been  a  cer- 
tain correspondence  (though  not  a  close  one)  in  the  depth  at  which 
hot  water  was  tapped  in  the  different  mines.  That  is  to  say,  the 
depth  from  the  varying  outline  of  the  surface  is  the  only  one  that 
can  be  called  constant. 

This  is  illustrated  by  the  case  of  the  Justice  Mine.  The  mouth 
of  its  shaft  is  nearly  a  thousand  feet  below  the  Gould  &  Curry 
eroppings,  and  its  lowest  workings  were  about  one  thousand  feet 
below  the  surface.  These  workings  are,  therefore,  within  a  few  feet 
of  the  same  absolute  level  as  the  Gould  &  Curry  1900-foot  station  and 
drift,  where  the  remarkably  hot  ground  above  referred  to  is  reported 
to  be.  In  the  latter  mine,  an  air  temperature  of  123°  Fahrenheit  is 
reported  in  the  drift,  but  in  the  Justice  the  rock  is  still  quite  cool, 
and  though  the  temperature  of  the  mine  is  somewhat  higher  than  on 
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the  surface,  this  increase  is  mainly  clue  to  the  burning  of  candles, 
heat  of  the  workmen,  and  other  causes  that  raise  the  temperature  of 
most  mines. 

What  the  future  of  tlie  Justice  in  regard  to  temperature  may  be 
cannot  be  ])ositively  foretold,  because  the  filling  of  its  ore  bodies  is 
entirely  different  in  character  from  that  of  the  upper  crevice.  It  is 
carbonate  of  lime,  while  the  whole  series  of  mines  from  the  Utah  to  the 
Caledonia  have  quartz  for  their  gangue.  One  is  basic,  the  other  acid. 
Still,  as  the  heat  is  derived  from  the  decomposition  of  the  country 
rock,  and  depends  upon  the  lode  only  so  far  as  to  be  increased  by 
the  numerous  surfaces  exposed  to  atmospheric  influences  near  the 
main  channel,  it  is  to  be  expected  that  the  Justice  and  otlu-r  mines 
in  that  neighborhood  will,  in  sinking  a  few  hundred  feet  more*,  take 
their  places  among  the  hot  mines  of  America.  The  basic  character 
of  the  gangue  probably  cannot  of  itself  affect  the  result,  and  is  to  be 
regarded  only  as  an  indication  of  conditions  in  the  formation  of  the 
lode  which  may  have  lessened  the  liability  of  the  country  rock  to 
decomposition. 

The  depths  referred  to  in  this  report  are  all  vertical,  and  for  that 
reason  they  do  not  represent  the  path  which  the  atmospheric  agencies 
have  actually  taken.  That  is  to  be  measured  along  the  dip  of  the 
rocks,  which  varies  from  40  to  60  degrees.  No  other  course  is  open 
to  surface  waters,  which  have  been  clearly  proved  to  be  limited  in 
their  lateral  spread  by  the  numerous  clay  seams  which  abound,  both 
in  the  country  rock  and  in  the  lode,  and  which  generally  dip  with 
the  other  rocks.  My  own  ol)servations  have  convinced  me  that  these 
waters  may  also  be  confined  by  sheets  of  massive  and  comparatively 
impermeable  rock,  of  which  there  are  countless  exposures  in  the  east 
crosscuts  of  the  mines. 

We  must  then  consider  that  the  path  of  these  decomposing  agencies 
has  been  followed,  not  only  for  a  depth  of  2-100  feet  in  the  Savage 
mine,  but  for  a  depth  (on  the  dip  of  the  rocks)  that  is  approximately 
one-half  greater  than  this,  or  nearl}"-  four  thousand  feet.  For  more 
than  one-third  of  this  distance  the  action  has  passed  by;  the  chemi- 
cal activity  of  the  rock  has  ceased,  though  it  is  not  exhausted.  At 
the  bottom  of  the  lower  portion,  or  four  thousand  feet  from  the  sur- 
face, the  decomposing  action  may  perhaps  be  considered  to  be  ap- 
proaching its  maximum. 

These  distances  do  not  exceed,  nor  in  fact  equal,  those  which  have 
been  indicated  by  theory  as  the  possible  depths  of  atmospheric 
penetration.     Observations  upon  volcanic  action  and  deep  artesian 
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wells  have  familiarized  lis  M-ith  tlie  idea  that  chemical  action,  due  to 
the  presence  of  atmospheric  air  and  water,  is  going  on  at  the  depth  of 
thousands  of  feet ;  hut  no  instance  of  this  action  at  depths  greater 
than  those  exhibited  bv  the  Comstock  mines  has  been  pointed  out. 

The  Comstock  mines,  however,  offer  a  greater  promise  of  disco  very 
in  this  matter  of  rock  temperatures  than  any  other  that  I  am  ac- 
quainted with.  The  extraordinary  rapidity  with  which  their  opera- 
tions are  prosecuted,  the  extent  of  the  works,  and  the  fact  that  they 
open  to  inspection  a  great  eruptive  mineral  lode  thoroughly  for  two 
miles  in  length,  and  partially  for  many  thousand  feet  more,  give 
them  unusual  value  as  a  field  for  investigation.  They  not  only  fol- 
low an  eruptive  dike  throughout  its  course,  but  they  also  explore  a 
parallel  system  of  eruptiv'e  rocks  by  crosscuts,  which  are  often  from 
300  to  500  feet  long,  and  sometimes  stretch  out  to  1000  feet  and 
more. 

They  are  also  certain  to  be  opened  to  much  greater  depths  than 
now,  and  with  a  rapidity  that  will  no  doubt  make  them  foremost  in 
deep  mining  within  a  few  years.  These  conditions,  combined  with 
the  peculiar  susceptibility  of  the  country  rock  to  decomposition,  give 
good  reason  for  expecting  that  they  will  before  long  be  the  scene  of 
thorough  and  perhaps  conclusive  studies  in  this  interesting  subject 
of  earth  temperatures.  This  was  but  a  secondary  part  of  my  own 
work,  which  was  chiefly  confined  to  a  geological  study  of  the  lode, 
and  the  many  imperfections  in  this  sketch  are  partly  due  to  this 
fact. 


NOTE  ON  ZIRCONS  IN  UNAKA  MAGNETITE. 

BY   PROF.    WILLIAM  P.    BLAKE. 

The  magnetic  iron  ores  of  the  Rees  &  Wilder  tract,  Unaka  Moun- 
tains, East  Tennessee,  and  North  Carolina,  so  far  as  examined  by 
me,  are  peculiar  in  containing  considerable  quantities  of  the  mineral 
zircon  in  dark  red-brown  crystals,  ranging  in  size  from  one-tenth  of  an 
inch,  or  less,  to  five-tenths  of  an  inch  in  length.  As  zircons  are  de- 
composed by  fusion  with  alkalies,  the  constituents  may  exert  some 
favorable  influence  upon  the  iron  product,  which  is  generally  ac- 
knowledged to  be  of  superior  quality. 

New  Haven,  April  20th,  1878. 
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MEMOBAXBVM  B ELATING  TO  THE  COySTBUCTIOX  AC- 
COUNT OF  THE  BAIL  MILL  OF  THE  EDGAB  THOMSON 
STEEL  COMPANY,  PITTSBUBGH,  PA.,  1874-75. 

BY  P.    BARNES,   PLAINFIFLD,    N.  J. 

The  sums  given  in  the  accompanying  table  are  those  actually  paid 
fur  material  and  labor  up  to  about  August,  1875 ;  but,  as  some  parts 
of  the  machinery  were  not  wholly  completed  at  the  starting  of  the 
works  in  Sei)tember,  1875,  the  statement  cannot  be  taken  as  an  ab- 
solutely cori'cct  note  of  the  total  cost. 

A  complete  description,  with  engravings  of  the  building  and  ma- 
chinery, was  given  in  Engineering,  April  26th,  1878,  in  a  paper  by 
Messrs.  A.  L.  Holley  and  Lenox  Sn\ith,  to  which  convenient  refer- 
ence may  be  made.  A  detailed  list  of  the  construction  accounts  has 
been  given  in  a  paper,  by  the  present  writer,  in  vol,  vi,  Transactions 
of  the  Institute. 

A  summary  is  given  in  the  table  of  the  items  in  each  class  which 
enter  into  the  total  cost,  and  also  a  note  of  the  proportion  which  each 
of  these  items  forms  of  the  whole.  A  concise  view  may  thus  be  ob- 
tained of  the  facts  embodied  in  the  statement  as  a  whole,  even  though 
it  cannot  lay  claim  to  completeness  in  showing  the  entire  or  final  cost. 

An  urgent  suggestion  has  reached  the  writer  from  a  distant 
country  that  such  statements  of  cost  to  be  really  most  serviceable 
should  give  the  details  in  days  of  labor,  in  weight  of  iron,  and  in 
number  of  brick,  and  to  this  an  assent  is  most  cordially  yielded.  It 
is  true,  however,  that  the  mere  labor  of  copying  and  compiling  these 
details  to  such  a  degree  of  minuteness,  would  be  very  great,  and,  in 
any  event,  the  probable  difference  between  the  plans  of  an  existing 
establishment  and  one  projected,  would  be  so  wide  as  to  render  even 
so  complete  a  statement  of  cost  of  little  more  real  service  than  the 
approximate  notes  given  herewith. 


78  EDGAR   THOMSON   STEEL    COMPANY,    PITTSBURGH,    PA. 


•suopjodojjj 

NN-»-mint^-a-in«>nt^   ••*r~0>O«-*--«-t^Tj->.in 

wwMO«00,rOt^OsO      If^lOWNM-^MOOwfO 

0.  o  q  q  q  q  ih  q  ".  «  S    :  q  q  q  q  q  q  q  q  q  q  q 

0 

8. 

•SIBIOX 

foorninr^OMnON^On    ;cooOfno\fOt«.mo\»no\ 
0\  «  "^oo  oor^MoooOMO    .ro  onno  no  n  u-itto  mmcn 
ro  ^\o   tnco  en  0   OnnO  On  rn    :  NO  «   O   m   T^  t^\o   r^joo  «  oo 
n"  N  T?      >n  moo'no"  rONo"  m"  :  no'  m"  xf  uS  noo'  pT  «"      cTno" 
^                        m      mm        : 

NO_ 

On 

" 

•S3JE[d  JOOIJ[ 

^ 

|;2  1 

"S  ^ 

o_  q 

■S31EDS 

s> 

•3;3[dui03uj 

•sjooj  puEH 

-,^ 

^?*? 

0  m 

NO    -1 

in  q 

•S3UEJ3 

J? 

•ajajdraooui 

MaUlUIEJJ 

S 

Ng>S- 

in  t^  * 

:  >o_  ! 
:  no"  : 

HI    OnOO    tN^  (N    0    t^ 

(noo  NO  «  w  ■*  ON 

NO  CO 

O;  q 

o" 

•paqioH  1      S 

t-^ 

0    m  0    On 

On  M  m  in 

TT  On" 

0  jn 

r^  On 
On  q 

■S3Ul3u3  llEUIg 

0 

"^ 

§; 

NO 

o    : 

O    0    m  fN  m  t^NO   ro  rONO 

OnNO  NONOCOOMHN4-M 

N.  0_,  "_^       en  ro  «        en  m_ 

>h"  xf  m                                       m" 

^NO 

NO    t^ 
T  0 

•UIEJJ  [lE^ 

o\ 

=» 

s 

t^  On 

Geo 

On  ro 

C^  " 

no" 

•uiEJ)  Suiuioojg 

<nc»NO 

t^  -.J-   : 

ro        : 

*    0    t^  0   »n  N    On  •* 

.  ooo  «  m  i^onO 

:    «    ON         M           M    o__ 

1-  0 

■S3UI3U3   UjUI    Sujiio'g 

t^ 

1 

"2 

U-INO  M  CO  00 

in  r^ 

•SUOjlEp 

-unoj  uiEJj  puB  3ui3u3 

^ 

?<£• 

NO  in 

ON  O 

"% 

woo 

"i  q 

•Suipimg 

'^ 

"<1-  O\00 

r-  ro  M 

45   ;}: 

NO 

m  0 

oo'no" 

:  o"n  S'mmJnS 

NO  NO 

« 
Class. 

k 

3  - 

Vi 

5j 

3 

:  b 
^  1 

5  J 

: 

:  t 
.  c 

;  c 

0 

40 

S3 

3    •  ' 
<    i"^ 

=   :  £ 

«  o  - 

I'll 

-J 

:  c 

•  - 

2" 

1 

3 
I    I 

3    CI 

)  5; 

E 
r 

4 
2 

S   ] 
1   i 

;   I. 

:.£ 

;  r 

i  E 

:  c 
=  E 
5  E 
J  c 

C 

_c 
r 

c 
_c 

w 

c 
e 
c 

. 

i 

M  N  ro  -.*-  inNO  t^oo  On  0  M  w  m  -ij-  inNO  l^oo  on  0  w  w  fo 

P- 

EXPERIMENT   WITH    THE   WHEELER   PROCESS.  79 


NOl^ES  OX  THE  BESULT  OF  AN  EXPERIMENT  WITH  THE 
WHEELER  PROCESS  OF  COMBINING  IRON  AND  STEEL  IN 
THE  HEAD  OF  A  RAIL. 

BY  V^.  E.  C.  COXE,  READING,  PA. 

Many  of  you  who  are  interested  in  the  manufacture  of  iron  and 
steel,  have  no  doubt  heard  of  the  "  Wheeler  jirocess  for  combining 
iron  and  steel." 

Mr.  Wheeler  has  formed  a  company,  styled  the  "Combination 
Trust  Company,"  whose  business  is  to  grant  licenses  for  the  use  of 
this  patent  process  in  producing  what  he  calls  "iron-clad  steel."  It 
has  been  propo.sed  to  apply  it  in  the  manufacture  of  car  or  wagon 
axles,  also  to  shafting,  having  steel  cores  or  centres  covered  with  iron; 
to  tubes  of  steel  with  an  inner  and  outer  skin  of  iron  ;  to  structural 
purposes,  such  as  girders  and  beams  ;  bridge  and  tie-bolts,  where  the 
strength  of  the  iron  and  the  rigidity  of  the  steel  would  be  desirable. 

In  answer  to  a  request  from  Mr.  Wheeler,  permission  was  ac- 
corded him  to  make  some  experiments  at  the  rolling  mill  of  the 
Philadelphia  and  Reading  Coal  and  Iron  Company,  at  Reading, 
Pennsylvania,  with  a  view  to  manufacturing  some  steel-headed  rails. 

In  makino;  this  kind  of  a  rail  two  difficulties  are  encountered.  If 
the  iron  is  brought  to  the  requisite  heat  to  weld  properly,  the  steel 
is  likely  to  be  burned  ;  if  the  steel  is  cared  for,  to  prevent  burning, 
the  several  layers  of  iron  are  not  brought  up  to  the  proper  welding 
heat. 

Mr.  Wheeler  claimed  that  the  steel  slab  covered  with  iron  which 
he  furnished  for  the  head  of  the  rail  could  not  be  injured  by  any 
heat  to  which  it  might  be  subjected  in  the  ordinary  course  of  heating 
the  rail-pile.  He  claimed,  also,  that  by  this  method  the  porosity, 
which  he  thou<>;ht  was  characteristic  of  all  solid  rails  of  Bessemer 
steel,  would  be  otercorae.  Four  steel  slabs  were  furnished  for  this 
experiment,  being  Bessemer  steel  of  .61  carbon,  made  at  the  Edgar 
Thomson  Steel  Works,  and  covered  with  iron  in  one  of  the  Pitts- 
burgh mills.  The  slabs  were  in  section  seven  inches  wide  by  three 
inches  thick,  and  the  iron  covering  was  one-eighth  to  three-sixteenths 
inch  thick.  Each  slab  was  placed  on  a  pile  of  iron  made  up  in  the 
ordinary  way  for  a  rail  fifty-six  pounds  per  yard  and  thirty  feet 
long. 

The  heating  was  under  the  personal  direction  of  Mr.  Wheeler,  and 
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his  advice  was  to  treat  the  rail  precisely  the  same  as  if  entirely  of 
iron  ;  that  we  could  neither  burn  nor  destroy  the  steel.  The  result 
was,  I  regret  to  say,  that  four  rails  were  produced  witli  very  defec- 
tive heads,  whilst  the  necks  and  flanges  were  sound.  After  being 
allowed  to  cool,  the  rails  were  broken  to  show  the  fracture,  and 
under  the  pressure  of  the  straightening  press  the  heads  were  as 
brittle  as  glass.  The  steel,  as  will  be  seen  from  the  specimen  shown, 
is  evidently  burned,  and  presents  a  spongy  appearance. 

I  have  not  presented  this  sample,  and  made  these  remarks,  with 
any  intention  of  reflecting  on  the  merits  or  demerits  of  this  practice 
of  making  steel-headed  rails,  but  rather  with  tlie  view  of  eliciting  a 
discussion  from  the  members  present  as  to  the  practicability  and  de- 
sirability of  thus  combining  iron  and  steel. 

DISCUSSION. 

Mr.  HoLLEY  remarked  that  it  was  probable  the  failure  of  the  ex- 
periment at  Heading  was  due  to  the  steel  not  being  entirely  covered 
by  the  iron. 

Mr.  Coxe  :  The  steel  slabs  were  sent  to  us  by  Mr.  Wheeler  al- 
ready covered  with  the  iron,  and,  as  I  understood,  they  were  prepared 
under  Mr.  Wheeler's  own  supervision.  I  supposed  he  had  taken 
the  precaution  to  have  the  work  properly  done,  rather  than  run  the 
risk  of  failure  by  neglecting  so  vital  a  point.  If  it  is  necessary  to 
have  an  absolutely  air-tight  casing  for  the  steel,  while  it  might 
prove  experimentally  to  be  all  right,  I  doubt  if  it  could  be  made  a 
commercial  success. 

Dr.  Raymokd  remarked  that  the  Xew  Jersey  Steel  and  Iron 
Company  had  had  very  considerable  experience  in  the  manufacture 
of  steel-headed  rails,  and  thought  Mr.  Slade  might  be  able  to  give 
some  data  as  to  the  relative  w^ear  of  steel-headed  and  solid  steel 
rails. 

Mr.  Slade  said  tliat  the  steel-headed  rails  made  by  the  Trenton 
works  were  exclusively  puddled  steel-headed,  it  having  been  found  that 
W'ith  this  steel  a  reliable  weld  to  the  iron  could  be  obtained,  the  point  in 
which  all  attempts  to  make  steel-headed  rails  from  Bessemer  steel 
had  hitherto  failed.  As  to  the  life  of  solid  steel  rails,  he  could  give 
from  memory  no  accurate  data,  but  might  mention  that  steel  rails, 
probably  of  about  sixty  pounds  per  yard,  laid  on  the  main  line  of 
the  Pennsylvania  Railroad,  in  Trenton,  in  1868,  were  taken  up  in 
February,  1877,  after  a  service  of  say  8 J  years.     As  to  the  puddled 
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steol-liondcd  rails  referred  to,  the  results  obtained  on  the  Erie,  and 
Philadelj)hia,  AViJniington,  and  Baltimore  roads  had  shown  that 
tlieir  capacity  was  equal  to  a  traffic  of  350  to  400  million  tons  at 
one  mile  per  hour,  or  say  35  to  40  million  tons,  at  ten  miles  per 
hour,  an  amount  from  twice  to  two  and  a  half  times  that  borne  by 
good  iron  rails. 

]\rR.  CoxE:  We  have  made  numerous  experiments  with  puddled 
steel-headed  rails,  but  they  have  never  given  satisfactory  results;  the 
difficulty  was  not  in  the  welding  to  the  iron,  for  the  union  was  perfect, 
and  they  heated  and  rolled  easily,  but  from  want  of  density  and 
hardness  of  the  steel  in  the  finished  rail ;  they  soon  gave  out  by 
spreading  of  tlie  steel  under  our  lieavy  traffic,  showing  that  the  steel 
was  too  soft.  It  did  not  break,  or  sliver,  or  peel,  but  mashed  out  like 
lead. 

Mr.  Holley  said  that  the  welding  heat  of  iron  was  sufficient  to 
nearly  melt  steel,  and  that  steel  is  melted  as  fluid  as  water  in  an  air- 
tight crucible,  without  oxidation  or  burning.  Therefore  if  the  iron 
pile  in  which  the  steel  is  inclosed  is  so  formed,  having  end-pieces 
also,  that  the  heat  will  allow  it  to  settle  together,  so  that  the  joints 
shall  be  substantially  closed  and  shall  keep  out  the  air,  the  weld 
must  be  perfect — there  can  be  no  other  result.  At  the  Union  Mills, 
in  Pittsburgh,  he  had  seen  many  examples  of  what  any  expert  would 
call  perfect  welding  of  an  iron-clad  steel  pile.  When  as  much  iron 
as  steel  was  used,  the  iron  became  steely  and  the  steel  became  more 
like  wrought  iron.  AVhether  or  not  the  steel  in  the  bar  rolled  from 
an  iron-clad  pile  is  as  strong  as  the  same  steel  would  be  rolled  nor- 
mally without  piling,  is  not  satisfactorily  determined,  as  far  as  he 
was  aware. 

Dr.  Egleston  said  that  while  there  was  no  doubt  that  iron 
could  be  welded  to  steel,  it  was  very  doubtful  whether  it  could  be 
made  commercially  profitable  to  do  it.  The  general  experience  with 
steel-headed  rails  has  been,  that  while  some  of  them  were  good,  many 
of  them  separated,  after  a  time,  at  the  point  of  junction,  from  im- 
perfect welding,  and  that  taking  the  bad  and  the  good  together,  it 
was  less  profitable  to  use  the  steel-headed  than  steel  or  even  iron  rails. 
The  sample  of  rail  shown  certainly  did  not  give  promise  tiiat  the 
rails  would  last  very  long  in  the  track.  Some  of  the  steel-headed 
rails  which  were  made  in  New  York  State,  some  years  ago,  had  a 
wedge-shaped  projection  on  the  head  which  descended  two  or  three 
centimeters  into  the  web  of  the  rail.  The  compression  caused  by  the 
traffic  forced  the  wedge  down  and  opened  out  the  web,  so  that  the 

VOL.   VII. — 6 
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head  was  sometimes  loose  for  a  considerable  distance.  No  attempt, 
so  far  as  he  knew,  had  been  made  to  ascertain  the  life  of  such  rails. 
To  express  the  life  of  a  rail  in  years  does  not,  of  necessity,  mean  any- 
thing. The  only  way  to  express  it  is  in  traffic.  It  was  found  that 
the  very  best  iron  rails  on  the  Northern  Railway  of  France,  Avould 
last  for  a  traffic  of  20,000,000  tons,  while  the  ordinary  ones  did  not 
exceed  14,000,000;  that  good  steel  rails  had  a  uniform  wear  of  one 
millimeter  for  20,000,000  tons.  It  was  shown  that  a  steel  rail  of 
30  kilos,  was  actually  cheaper  than  an  iron  of  37  kilos,  (see  Trans- 
actions, vol.  3,  p.  86),  and  would  last  fully  ten  times  the  traffic. 
There  is,  moreover,  a  point  which  has  received  but  little  attention, 
and  that  is  the  temperature  at  which  the  rail  has  been  finished,  which 
will  influence  the  wear,  and  will  frequently  cause  rails  of  the  same 
manufacture  to  diifer  widely  in  their  wear. 

It  does  not  seem  possible  that  rails  made  of  such  heterogeneons 
materials  as  this  one  is  shown  by  its  fracture  to  be,  could  stand  the 
wear  of  heavy  traffic,  for  the  rails,  as  has  been  shown  on  some  of 
our  prominent  railroads,  undergo  a  species  of  cold-rolling,  which 
tends  to  tear  welded  surfaces  apart,  or,  when  they  are  made  of  soft 
steel,  to  deform  the  rails.  He  had  seen  such  steel  rails,  still  in  the 
track,  which  after  a  traffic  of  60,000,000  tons,  and  having  but  nearly 
three  millimeters  of  wear,  had  the  material  of  the  rail  so  flir  rear- 
ranged by  cold-rolling  that  the  shape  of  the  rail  was  entirely  altered. 
No  rail,  composed  of  heterogeneous  materials,  could  have  stood  such 
a  change  of  shape.  It  would  have  been  torn  apart  on  the  welding 
surfaces. 

Mr.  Coxe  :  We  made  some  steel-headed  rails  in  1869  and  1870, 
with  steel  from  the  open-hearth  furnace,  cast  into  ingots  and  then 
hammered  into  slabs  nine  inches  wide  l^y  two  inches  thick ;  these 
slabs  were  used  for  the  heads  of  the  rails,  and  welded  on  to  iron 
piles  at  our  mill.  Most  of  these  rails  are  still  in  our  tracks,  doing 
as  good  service  as  solid  steel  rails,  and  the  only  reason  their  manu- 
facture was  discontinued  was  our  inability  to  make  them  any  cheaper 
than  a  rail  entirely  of  steel. 

We  have  tried  also  the  Booth  steel-capped  rails,  made  by  clamp- 
ing, when  cold,  a  grooved  head-bar  of  steel  on  to  an  iron  stem  and 
base;  these  gave  good  results,  and  would  have  done  better  had  the 
steel  been  thicker;  but  this  was  also  more  costly  than  the  solid  Bes- 
semer steel  rail. 
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BY  ROSSITER  W.  RAYMOND,  Pn.D.,  XEW  YORK  CITY. 

By  the  courtesy  of  ]\Ir.  Charles  W.  Jenks,  of  Boston,  one  of  the 
owners  of  this  interesting  mine,  I  am  enabled  to  lay  before  the 
Institute  a  suite  of  specimens,  illustrating;  its  peculiar  formation  and 
the  ])aragenesis  of  mineral  species  which  it  presents;  and  a  recent 
brief  visit  and  rapid  reconnoissance  of  the  locality  permit  me  to 
supplement  this  exhibition  with  a  general  cTescription,  based  upon 
personal  observation. 

The  mine  is  situated  upon  the  Culsagee  Fork  of  the  Tennessee 
River,  in  ^lacon  County,  North  Carolina,  a  few  miles  from  Franklin. 
The  most  practicable  route  by  which  it  can  at  present  be  visited  is 
by  wagon  (or  preferably  on  horseback)  from  Seneca  City,  S.  C,  a 
station  on  the  Charlotte  and  Atlanta  Air  Line  Railroad.  The 
itinerary  is  as  follows:  to  Walhalla,*  nine  miles;  Walhalla  to 
Highlands,  twenty-nine  miles;  Highlands  to  the  Culsagee,  fourteen 
miles.  By  passing  the  night  at  or  near  Highlands,  the  mine  can  be 
reached  and  examined  and  the  return  to  Highlands  made  on  the 
second  day;  and  the  round  trip,  if  performed  in  the  saddle,  can  be 
completed  in  three  days  from  Seneca  City.  It  is  not  easy,  with  due 
regard  to  steed  and  rider,  to  do  it  in  less  time.  The  rough  and  pre- 
cipitous mountain  roads  do  not  permit  rapid  travel ;  and  the  journey 
is  at  best  a  fatiguing  one.  But  its  slight  hardships  are  overpaid  by 
the  stimulating  effect  of  the  climate  and  the  great  beauty  of  the 
scenery,  both  of  which  are  destined  to  become  more  widely  known 
than  at  present,  to  seekers  for  health  and  pleasure.  Indeed  the  town 
of  Highlands,  already  named,  is  almost  entirely  made  up  of  northern 
immigrants,  attracted  by  these  advantages  and  by  the  inducement  of 
cheap  land  for  agriculture  and  stock-raising. 

The  Culsagee  or  Sugartown  fork  of  the  Tennessee  traverses  the 
belt  of  ancient  crystalline  schists  on  the  west  flank  of  the  Blue  Ridge. 
This  belt  abounds  in  valuable  minerals.  Among  those  of  the  non- 
metallic  class  may  be  mentioned  graphite,  soapstone,  serpentine,  asbes- 

*  A  branch  or  cross  railroad  is  in  operation  as  far  as  Walhalla  ;  but  the  single 
daily  train  runs  at  an  hour  not  convenient  for  this  expedition  ;  and  Seneca  City 
is  probably  the  best  starting-point.  At  all  events,  I  obtained  there  jin  excellent 
mount  for  the  trip. 
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tos,  and  mica.  The  latter  lias  been  rained  to  considerable  extent  since 
1870 ;  and  in  some  of  the  most  productive  localities*  the  curious  dis- 
covery has  been  made  that  mica  was  mined  here  on  a  large  scale  not 
less  than  three  centuries  ago.  The  occurrence  of  mica  utensils  and 
ornaments  in  the  mounds  of  the  Northwest,  and  of  mica  cut  into 
corresponding  forms  in  the  debris  of  these  ancient  workings,  leaves, 
according  to  Prof.  Kerr,  no  doubt  that  these  workings  were  contem- 
porary with  the  ancient  copper-mining  excavations  of  Lake  Superior, 
and  that  their  product  was  conveyed  to  the  West  by  the  operations 
of  a  prehistoric  commerce,  the  existence  of  which  is  thus  for  the 
first  time  made  known. 

Mr,  Jenks,  in  a  paper  before  the  Society  of  Arts  of  the  Massa- 
chusetts Institute  of  Technology  (December,  1876,)  has  suggested 
that  the  ancient  Egyptians  may  have  used  corundum,  on  account  of 
its  superior  hardness,  to  execute  their  inscriptions  in  porphyry. 
However  this  may  be,  there  is,  so  far  as  I  am  aware,  no  evidence  to 
show  that  the  mineral  and  its  uses  were  known  to  the  former  in- 
habitants of  this  country;  nor  do  their  mounds  or  other  relics  pre- 
sent specimens  of  workmanship  requiring  its  employment.  Its  dis- 
covery in  North  Carolina  is  not,  therefore,  like  the  opening  of  the 
mica  mines,  merely  the  renewal  of  an  earlier  industry. 

"  This  mountain  tract  of  Laurentian  rocks,"  says  Prof.  Kerr, 
"  contains  between  3000  and  4000  square  miles  of  surface,"  the 
aggregate  area  of  these  rocks  in  the  whole  State  being,  according  to 
the  same  authority,  more  than  20,000  square  miles,  or  nearly  half 
the  territory  of  North  Carolina.  Along  the  middle  of  the  belt  now 
specially  under  consideration,  a  discontinuous  line  of  outcrops  ap- 
pears at  intervals  from  Cane  Creek  in  Mitchell  County  through  the 
intervening  counties  of  North  Carolina  into  Union  County,  Georgia, 
and  perhaps  still  further  south.  These  are  called,  in  the  State 
Geological  Report,  dikes  of  chrysolite  or  dunite.f  Mr.  Smith, 
who  seems  to  have  made  the  most  extended  examination,  thus  far, 
of  the  rocks  of  this  belt,  says  the  chrysolite  bears  decided  marks 
of  its  eruptive  origin,  and  cites  in  proof  its  crystalline  structure,  the 
disseminated  octahedral  crystals  of  magnetite  and  chrome  iron  which 
it  contains,  and  the  circumstance  that  although  it  is  laminated,  the 
strike  of  its  laminse  seldom  conforms  to  the  strike  of  the  inclosing 
rocks.     "  It  cannot,  therefore,"  he  says,  "  be  regarded  as  a  regular 

*  Near  Bakersville,  for  instance.  See  the  Eeport  of  1875,  of  Prof.  W.  C. 
Kerr,  State  Geologist,  p.  300. 

7  See  two  papers  by  Rev.  C.  D.  Smith,  of  Franklin,  N.  C,  in  the  Appendix 
to  the  State  Report  of  1875. 
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♦  interpolation,  nor  as  an  intercalation  with  the  inclosing  beds."  It 
Avonhl  be  presumptuous  to  disi)ute,  on  the  strength  of  a  hasty  ex- 
amination of  a  single  locality,  an  opinion  so  positively  expressed ; 
yet  1  should  not  be  surprised  if  future  careful  study  of  all  the  locali- 
ties should  show  these  ehrysolitic  beds  to  be  intercalated  members 
of  the  formation  in  which  they  occur.  Prof.  Kerr,  who  speaks  of 
them  as  dikes  (and  also  as  ledges  and  masses)  without  definitely 
pronouncing  them  to  be  eruptive,  says  they  arc  more  or  less  dis- 
tinctly granular,  and  constitute  in  fact  a  ehrysolitic  sandstone  of  a 
yellowish  to  dull  or  dark  olive-green  color.  The  composition,  as 
analyzed  by  Dr.  Genth  and  Mr.  Chatard,  of  specimens  from  Webster 
and  Culsagee,  N.  C,  is  as  follows: 

Gbnth  (Webster).     Chatard  (Culsagee). 

Silica 41.89                      41.58 

Alumimi,      ......  trsice                          0  14 

Protoxide  of  iron,         ....  7.39 

Nickel  oxide,        .         .         .         .         .  0  35 

Magnesia, 49.13 

Lime, 0.06 

Loss  by  heating, 0.82 

Cliromic  iron,  etc.,        ....  0.58 


7.49 

0.34 

49.28 

0.11 

1.72 

100.22  100  66 

Prof.  Shepard,  in  the  American  Journal  of  Science  for  August, 
1872,  and  Dr.  Genth,  in  Xo.  1  of  the  Contributions  from  the 
Laboratory  of  the  University  of  Pennsylvania,  have  discu.ssed  the 
mineral  species  a.ssociated  with  this  chrysolite.  They  comprise 
corundum,  chlorite  (ripidolite,  jefFerisite),  talc,  chalcedony,  horn- 
blende (actinolite,  asbesto.s),  damourite,  tourmaline,  etc.  In  view 
of  this  paragenesis,  it  is  noteworthy  that  Dr.  Genth's  analysis  of  the 
chrysolite  shows  so  little  alumina. 

Whether  the  chrysolite  be  eruptive  or  not,  the  veins  of  chlorite 
which  it  contains  are  plainly  of  secondary  origin,  and  the  presence 
of  crystallized  alumina  in  them,  as  corundum,  cannot  well  be  ex- 
plained as  a  result  of  fusion.  Whether  this  alumina  has  been  segre- 
gated from  the  constituents  of  the  (now  ehrysolitic)  wall-rock,  or 
deposited  as  an  original  member  of  the  series  of  strata,  or  brought 
in  by  percolation  in  solution,  and  precipitated  by  slow  reactions,  it 
is  not  ea.sy  to  determine.  The  absence  of  potassa  and  soda  from  the 
analysis  above  quoted  may  have  significance  in  this  connection,  since 
the  exchange  of  these  bases  for  alumina  would  leave  them  in  solu- 
tion, while  the  latter  was  precipitated  as  hydrate  or  (carbonic  acid 
being  present)  as  a  basic  carbonate. 
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Dr.  Genth's  conclusions  from  the  chemical   analysis  of  the  asso-  • 
ciated  minerals  are  stated  as  follows  : 

That,  at  the  great  period  when  the  chromiferous  chrysolite  beds 
(in  part  subsequently  altered  into  serpentine,  etc.)  were  deposited, 
a  large  quantity  of  alumina  was  separated,  which  formed  beds  of 
corundum;  that  this  corundum  has  subsequently  been  acted  upon 
and  thus  been  changed  into  various  minerals,  such  as  spinel,  fibro- 
lite,  cyanite,  and  perhaps  some  varieties  of  felspar,  also  into  tourma- 
line, damourite,  chlorite,  and  margarite;  that  a  part  of  the  products 
of  the  alteration  of  corundum  still  exists  in  the  form  of  large  beds 
of  mica  (damourite)  and  chlorite  slates  or  schists ;  and  that  another 
part  has  been  further  altered  and  converted  into  other  minerals  and 
rocks,  such  as  pyrophyllite,  paragouite,  beauxite,  lazulite,  etc.  Dr. 
Genth  frankly  declares  his  inability  to  explain  the  manner  of  these 
transformations,  and  says  that  we  have  at  present  no  facts  upon 
which  a  tenable  theory  could  be  built. 

Taking  the  case  of  chlorite  as  an  example,  we  find  that  some  of 
the  specimens  from  the  Culsagee  mine  are  apparently  pseudomorphs 
after  corundum,  with  central  nuclei  of  the  unaltered  mineral.  Others 
contain  distinct,  perfect  and  brilliant  crystals  of  corundum.  Dr. 
Genth  is  forced  to  conclude  that  in  the  latter  case  there  has  ap- 
parently been  a  recrystallization  of  corundrum,  since,  as  he  says, 
the  crystals  "appear  to  have  formed  after  a  great  portion  of  the 
original  corundum  had  changed  into  chlorite,  as  if  there  had  been 
an  excess  of  alumina  ready  for  combination,  which,  not  finding  a 
supply  of  the  requisite  amount  of  silicic  acid  and  basis,  had  again 
crystallized  as  corundum.*" 

It  is  difficult  to  conceive  of  the  precipitation  and  crystallization 
of  anhydrous  alumina.  One  would  rather  suppose  the  original  de- 
posit to  have  been  a  hydrate,  such  as  diaspore  or  beauxite.  Dr.  T. 
Sterry  Hunt  says*  of  the  latter  mineral,  "  By  intense  heat  this 
substance  (beauxite)  is  converted  into  crystalline  corundum  resem- 
bling emery  in  its  physical  characters;  but  the  presence  of  grains  of 
corundum  in  the  hydrated  mineral  seems  to  show  that  the  transfor- 
mation may  take  place  at  ordinary  temperature."  Dr.  Genth  thinks 
that  all  the  specimens  he  has  examined  present  no  instance  in  which 
corundum  could  have  been  eliminated  under  such  circumstances 
from  the  hydrate.  On  the  contrary,  he  says,  the  presence  of  grains 
of  corundum  in  the  beauxite  proves  pretty  conclusively  that  the 
latter  is  itself  the   result  of  hydration,  and  that  the  grains  which 

*  Sill.  Jour.  (2)  xxxii,  288,  quoted  by  Dr.  Genth. 
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have  been  found  are  remnants  not  yet  converted.  As  to  diaspore, 
it  occurs,  aceordin*^  to  Prof,  J.  Lawrence  Smith,*  very  intimately 
mixed  "witli  coruiuhim  ;  but  Prof.  Smith  observed  that  all  tlie  co- 
rundum wliich  lie  had  examined  contained  from  0.68  to  3.74  per 
cent,  of  water,  even  when  careful  examination  showed  the  absence  of 
diaspore  or  other  definite  hydrate  of  alumina.  Dr.  Gentli  suggests 
that  the  distribution  may  be  so  minute  that  even  microscopic  obser- 
vation would  fail  to  show  it.  But  in  any  case,  the  presence  of 
water  in  the  corundum  might  be  regarded  as  a  sign,  either  of  com- 
mencing hydration  or  of  closing  dehydration.  The  problem  is 
therefore  still  unsolved. 

Dr.  Genth's  view,  which  is  strongly  supported  by  many  of  the 
specimens  examined,  rather  favors  the  probability  that  large  masses 
of  pure  corundum  will  be  found  by  deeper  working  upon  those 
veins  or  strata  in  which,  near  the  surface,  the  corundum  appears  in 
nodules,  inclosures  and  "remainders"  only.  In  this  view,  the 
"veins"  of  chlorite,  etc.,  are  local  alterations  of  the  original  belt  of 
corundum,  and  possibly  that  belt  might  be  exposed  in  a  less  exten- 
sively altered,  or  wholly  unaltered,  condition  by  explorations  beneath 
the  surface  zone.  On  the  other  hand,  a  hypothesis  which  makes 
the  corundum  part  of  a  fissure-filling,  or  the  result  of  segregation 
from  the  country  rock,  gives  no  special  ground,  so  far  as  I  know, 
for  the  expectation  of  larger  masses  at  greater  depth. 

So  far  as  the  chemical  aspects  of  the  problem  are  concerned,  noth- 
ing can  at  present  be  added  to  the  work  of  such  experts  as  Genth, 
Hunt,  and  Lawrence  Smith.  In  visiting  the  locality  at  Culsagee, 
I  hoped  to  contribute  to  the  discussion  the  result  of  a  thorough  ex- 
amination of  the  outcrops  and  underground  exposures  of  the  dif- 
ferent strata,  embracing  a  study  of  the  mineral  paragenesis  more 
satisfactory  than  those  hitherto  based  upon  hand-specimens.  My 
intention  was,  however,  completely  frustrated  by  the  present  con- 
dition of  the  various  openings,  which  it  would  have  taken  days  of 
labor  to  clear  of  the  rubbish  impeding  a  careful  examination.  My 
own  observations,  therefore,  leave  me  in  uncertainty ;  but  it  is  fair 
to  say  that  they  revealed  nothing  absolutely  inconsistent  with  Dr. 
Genth's  view.  The  beds  of  corundum  which,  according  to  that 
view,  were  originally  separated  before  deposition,  must  have  been 
several  in  number  at  this  locality,  and  their  deposition  must  have 
alternated  pretty  sharply  with  that  of  the  chrysolite.  But  this  fact, 
although  it  favors  the  notion  of  a  subsequent  segregation  during 
metamorphosis,  is  not  fatal  to  Dr.  Genth's  idea. 

*  Sill.  Jour.  (2)  X,  355  and  xi,  53,  quoted  by  Dr.  Genth. 
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Mr.  Jenks,  whose  superintendence  of  mining  operations  gave  him 
opportunities  for  continuous  study  of  the  facts,  says  that  sometimes 
the  corundum  and  sometimes  the  chlorite  appeared  to  be  the  matrix. 
The  purest  corundum,  if  I  am  not  mistaken,  was  usually  found  in 
nuclei;  but  one  of  the  veins,  more  frequently  than  the  others,  pro- 
duced it  in  crystals.  It  would  be  unwarrantable  assumption,  in 
view  of  the  circumstances,  to  attempt  to  add  weight  to  either  side  of 
the  theoretical  discussion  by  the  expression  of  a  private  judgment. 
It  is  only  for  the  sake  of  frankness  that  I  say,  that  while  the  par- 
ticular evidences  either  favor  or  do  not  disprove  Dr.  Genth's  theory, 
the  general  analogies  of  chemical  geology  seem  to  me  to  be  the 
other  way. 

The  dike  or  mass  of  chrysolite  exposed  at  the  Jenks  mine  con- 
stitutes a  somewhat  barren  ridge,  through  which  five  parallel  veins 
of  chlorite  run  longitudinally,  having  a  N.E.  and  S.W.  course,  and  a 
dip  of  about  45*^  N.W.  These  veins  vary  from  a  few  inches  to 
several  feet  in  width.  Exact  measurements  were  not  practicable  at 
the  time  of  my  visit,  by  reason  of  the  debris  which  had  caved  into 
the  accessible  workings  since  active  operations  were  suspended  in 
1873.  The  veins  have  been  explored  by  several  shafts,  tunnels, 
•and  open  cuts,  besides  a  large  amount  of  surface  costeaning,  executed 
for  the  purpose  of  ascertaining  their  number  and  position.  The  net 
result  of  these  operations  has  been  to  demonstrate  the  existence  of 
these  five  definite  zones,  in  which  corundum  may  be  sought  with 
■confidence,  and  to  show  with  a  certain  degree  of  probability,  that 
the  different  veins  have  individual  characteristics,  one  of  them  being 
apparently  most  likely  to  yield  the  gems,  another  the  massive  lami- 
nated, another  the  granular,  opaque  corundum,  etc.  The  specimens 
■exhibited  herewith  illustrate  all  these  forms.  Concerning  the  gems, 
I  need  hardly  say  that,  being  well  aware  of  the  repeated  scrutiny  to 
Avhich  every  exposed  part  of  the  deposit  has  been  subjected,  not  only 
by  the  workmen  during  the  operation  of  the  mine,  but  by  numerous 
visitors  since,  I  wasted  no  time  in  hunting  on  the  ground  for  rubies 
or  sapphires.  But  tlie  specimens  from  this  mine  in  many  cabinets 
of  the  United  States  and  Europe,  from  the  great  (ojiaque)  ruby  and 
sapphire  crystal,  weighing  312  pounds,  now  in  the  Shepard  collec- 
tion at  Amherst  College,  to  the  superb  crystals  in  the  possession  of  a 
collector  in  Philadelphia,  place  it  beyond  doubt  that  the  conditions 
controlling  the  formation  of  all  the  corundum  gems  have  been 
present  in  various  parts  of  this  deposit.  These  gems  are  nine  in 
number,  including,  besides  the  well-known  ruby  and  sapphire,  the 
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asteria,  corundum  emerald,  corundum  amethyst,  girasol,  chatoyant, 
and  white  or  colorless  sapphire.  They  differ  from  each  other  in 
coloring  matter  only,  and  from  the  common  corundum  in  trans- 
parency and  in  the  absence  of  cleavages  which  would  interfere  with 
the  work  of  the  lapidary.  Strictly  speaking,  like  all  other  gems, 
they  possess  crystalline  cleavage.  Even  the  diamond  must  be  handled 
Avith  much  care  in  cutting,  lest  it  be  split  and  ruined.  But  the 
requisite  degree  of  firmness  may  coexist  w'ith  this  property.  The 
corundum  gems  hei'etofore  known  to  commerce  have  always  been 
found,  in  India,  Ceylon,  Bactria,  the  Ural,  China,  etc.,  as  pebbles, 
rounded  bv  long;  attrition  in  <rravel.  It  has  been  of  course  inferred 
that  they  were  crystals,  torn  from  their  original  matrix,  though, 
like  the  matrix  of  the  diamond,  this  has  been  unknown.  But  it 
now  seems  more  likely  that  these  pebbles  are  the  dense  nuclei  of 
larger  crystalline  masses,  the  more  laminated,  granular  or  cleavable 
parts  of  which  have  been  rubbed  away.  At  least,  this  is  shown  to 
be  a  possible  origin  by  the  discovery  in  the  Jenks  mine  of  trans- 
parent nodules  of  corundum  in  a  matrix  of  the  same  material.  Mr. 
Jenks  says  that  specimens,  more  or  less  perfect,  of  all  the  nine 
varieties  have  been  obtained  from  the  mines. 

On  the  other  hand,  if  Dr.  Genth's  conclusions  are  accepted,  it 
seems  likely  that  the  original  bed  of  corundum  would  be  opaque, 
and  that  the  pure,  transparent  and  variously  colored  gems  would 
more  probably  result  from  recrystallizations,  such  as  he  suggests  in 
the  passage  already  quoted.  This  notion  receives  some  confirma- 
tion from  the  circumstance  reported  to  me,  that  one  of  the  veins  at 
Culsagee  has  produced  more  gems  than  the  others,  while  it  con- 
tains apparently  fewer  large  masses. 

Although  the  buildings  and  works  at  this  mine  are  out  of  repair, 
it  would  not  be  difficult  or  expensive  to  resume  operations.  The 
value  of  the  material  in  the  arts,  its  superiority  to  ordinary  emery, 
and  the  great  demand  for  it,  which  could  easily  be  revived  and 
maintained,  are  matters  beyond  doubt.  The  facts  were  sufficiently 
established,  a  few  years  ago,  when  corundum  from  Chester  County, 
Pa.,  was  put  into  market.  To  the  great  regret  of  manufacturers, 
that  source  of  supply  became,  at  least  temporarily,  exhausted.  I 
am  informed  that  further  explorations  are  making  or  to  be  made  in 
that  locality,  with  a  view  of  discovering  other  pockets  of  mineral. 
Meanwhile,  the  product  from  there,  together  with  that  already  taken 
from  Culsagee,  has  "broken  the  ice;"  and  there  is  no  doubt  of  a 
ready  sale  for  the  material,  when  delivered  in  suitable  form  and 
purity. 
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To  secure  these  conclitions,  the  product  of  the  mine  must  be 
crushed  and  subjected  to  mechanical  dressing,  wliich  will  remove 
the  associated  minerals,  except  a  small  remainder  of  chromic  iron. 
The  proportion  of  this  in  the  Culsagee  corundum  is  fortunately 
trifling.  I  understand  from  Mr.  Jenks  that  he  has  been  able  to 
dress  his  crude  material  up  to  98  per  cent,  of  pure  alumina.  If  the 
works  which  I  saw  were  able  to  do  this,  the  problem  of  mechanical 
dressing  cannot  be  very  difficult.  A  small  and  rude  stamp-mill 
with  a  few  launders,  comprised  the  whole  apparatus.  A  supply  of 
water  both  for  power  and  for  concentration  was  obtained  by  means 
of  a  ditch  and  reservoir.  Perhaps  operations  on  a  larger  scale  would 
require  steam-power.  But  the  veins  are  narrow;  mining  is  slow 
work ;  and  even  for  a  very  profitable  business,  at  the  present  price 
of  corundum,  a  large  product  would  not  be  required,  even  if  it  could 
be  obtained.  Mr.  Jenks  says  that,  without  the  aid  of  better 
machinery,  and  without  improvements  in  transportation  or  favor- 
able contracts  with  teamsters  and  railroads,  based  on  a  steady  busi- 
ness, he  can  mine  and  dress  a  ton  of  prepared  corundum  for  §40, 
send  it  to  the  railroad  for  820,  and  deliver  it  in  Philadelphia  for 
$20  more,  or  $80  in  all.  Each  of  these  items  can,  I  believe,  be 
greatly  reduced.  But  the  material  is  said  to  be  easily  worth  in 
market  §160  per  ton,  several  tons  having  been  sold  at  much  higher 
figures.  Without  vouching  for  these  estimates  from  personal  knowl- 
edge, I  feel  safe  in  saying  that  they  indicate  a  very  favorable  pros- 
pect for  the  enterprise.  The  only  remaining  question  of  vital  im- 
portance is  that  of  competition.  The  chrysolite  belt  is,  as  I  have 
shown,  an  extensive  one ;  and  corundum  has  been,  found  in  it  at 
numerous  points.  Whether  at  some  future  time,  perhaps  under  the 
stimulus  of  the  success  achieved  in  a  pioneer  enterprise,  rival  mines, 
more  favorably  located  as  to  transportation,  may  not  be  opened,  it  is 
of  course  impossible  to  predict.  I  have  taken  some  pains  to  investi- 
gate as  to  the  other  localities  heretofore  reported,  and  have  to  ac- 
knowledge my  obligations  to  Rev.  C.  D.  Smith,  of  Franklin,  N.  C, 
the  original  discoverer  and  tracer  of  the  chrysolite  belt,  for  his 
cordial  reply  to  the  inquiries  I  addressed  to  him  on  the  subject. 
Putting  together  what  information  could  be  obtained  from  all 
quarters,  I  am  led  to  conclude  that  the  Culsagee  mine  is  the  only 
one,  so  far,  which  has  passed  through  the  laborious  and  expensive 
stage  of  preliminary  explorations,  and  definitely  exposed  the  corun- 
dum-bearing deposits  in  situ.  Moreover,  those  other  localities 
hitherto  discovered,  which  seem  most  promising  as  to  mineral,  are 
about  as  badly  off  as  Culsagee  with  regard  to  transportation. 
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BY  PKOF.    T.   EGLESTON,  PH.D.,  SCHOOL   OF  MINES,  COLUMBIA  COLLEGE, 

NEW  YORK  CITY. 

The  importance  of  having  perfectly  pnre  metals  has  led  me  to 
present  to  the  Institute  a  record  of  some  of  the  trials  that  have  been 
made  to  obtain  these  metals,  and  also  to  show  one  of  the  largest 
specimens  of  extremely  thin  metal  plate  which  has  ever  been  made. 

The  malleability  of  metals  varies  generally  directly  with  their 
purity,  and  hence  it  is  only  with  very  pure  metals  that  thin  sheets 
can  be  obtained.  The  competition  among  different  manufacturers 
has  been  so  great  at  times  as  to  lead  to  expensive  and  apparently 
useless  experiments  in  obtaining  in  the  first  instance  very  thin  sheets, 
and  afterwards  very  large  and  thin  sheets  of  metal,  apparently  with 
no  other  purpose  than  that  of  being  able  to  say  that  they  had  pro- 
duced the  thinnest  or  the  largest  thin  sheet  that  had  ever  been  made. 
These  experiments  were  at  first  confined  exclusively  to  iron,  their 
object  being  to  show  the  great  dexterity  of  manipulation,  as  well  as 
the  purity  of  the  metal  manufactured.  They  have  since  been  ex- 
tended to  almost  all  metals  by  electrical  action,  and  have  gone  far 
beyond  the  limits  of  what  was  possible  with  purely  mechanical  means. 

The  processes  which  have  been  used  are  rolling  or  hammering,  elec- 
trical deposition  in  a  vacuum,  and  lastly,  electrical  deposition  on 
plates,  easily  soluble  in  acids.  The  first  and  last  of  these  methods 
have  been  known  and  practiced  for  a  very  long  time,  having  been 
used  to  make  thin  sheets  of  almost  all  the  metals.  The  other  is  of 
quite  recent  application. 

In  the  iron  manufacture,  the  strife  to  produce  these  thin  sheets  was 
commenced  in  the  year  1865,  by  the  Sligo  Iron  Works  writing  to  a 
firm  in  Birmingham,  England,  on  a  sheet  of  iron  containing  270 
square  centimeters,  and  weighing  only  4.469  grams.  For  some  time 
this  was  considered  to  be  the  thinnest  sheet  iron  that  could  be  made. 
T.  W.  Booker  &  Co.,  of  Cardiff,  England,  however,  produced  a  few 
months  afterward,  a  sheet  of  the  same  size,  weighing  only  4.015 
grams.  This  was  succeeded  by  one  rolled  by  Neville  and  Everitt, 
of  I/iannelly,  weighing  only  3.174  grams.  This  was  followed  by  one 
from  Hallam,  of  Swansea,  which  was  283  square  centimeters  in  size, 
and  weighed  but  2.979  grams ;  and  this  by  one  rolled  by  R.  Wil- 
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lianis  &  Co.,  of  West  Bromich,  was  445  square  centimeters,  and 
Aveiglied  3.173  grams.  This  was  sncceeded  by  the  Hope  Society  of 
Tipton,  which  produced  one  measuring  1425  square  centimeters,  and 
weighing  11.529  grams.  Finally  the  Upper  Forest  Tin  Works  near 
Swansea,  produced  a  sheet  measuring  155  square  centimeters,  and 
weighing  1.296  grams,  which  required  1888  together  to  make  one 
decimeter  in  thickness.  The  thinnest  tissue-paper  is  about  four  times 
as  thick  as  this  sheet  of  iron. 

Recently  Prof.  Wright,  of  New  Haven,  has  produced  by  means  of 
electrical  discharge,  perfectly  transparent  films  of  iron  and  of  mag- 
netic oxide,  but  only  over  a  very  small  surface. 

No  application  has  ever  been  found  for  such  thin  metal  as  this, 
but  the  skill  necessary  to  produce  it  has  led  to  great  improvements 
in  the  machinery  by  which  sheets  of  metal  are  rolled,  and  a  decided 
advance  in  the  quality  of  the  iron. 

The  next  step  was  to  produce  thin  sheets  of  metals  of  all  kinds, 
which  led  Prof.  Wright*  to  invent  a  method  by  which  he  could  pro- 
duce films  of  almost  any  degree  of  transparency  of  any  metal,  depos- 
iting them  with  sufficient  certainty  and  accuracy  to  make  either  trans- 
parent or  opaque  films.  The  opaque  ones  he  has  applied  to  the 
manufacture  of  speculum  mirrors,  depositing  on  glass  films  of  gold, 
0.000183  mm.  thick,  and  of  platinum,  0.000174  mm. 

The  special  object,  however,  which  I  have  in  making  this  commu- 
nication, is  to  show  to  the  menibers  of  the  Institute  a  film  of  trans- 
parent gold,  which  is  one  of  the  largest,  and  at  the  same  time  one  of 
the  thinnest  ever  produced.  It  is  5.7  millimeters  square,  and  by 
transmitted  light  is  perfectly  transparent,  and  of  a  pale  yellow  color, 
except  in  spots  where  the  film  has  been  purposely  doubled,  where  it 
is  a  very  light  green.  This  film  was  prepared  by  Mr.  A.  E.  Outer- 
bridge,  of  the  United  States  Mint,  in  Philadelphia.  It  is  estimated 
that  its  thickness  is  not  more  than  0.0001  mm.  to  0.00015  mm,  and 
it  is  15,000  times  thinner  than  ordinary  printing-paper ;  the  diffi- 
culty of  asserting  the  thickness  is  owing  to  the  fact  that  its  weight 
does  not  appreciably  affect  the  balance.  It  is  not  more  than  y  Jg  part 
of  a  single  undulation  of  a  green  ray  of  light.  It  is  so  extremely 
transparent  that  it  does  not  reflect  the  full  golden  color,  partly  be- 
cause the  gold  still  retains  a  trace  of  copper,  which  gives  it  a  reddish 
tinge. 

The  method  of  preparing  the  plates  was  by  depositing  the  gold 

*  Silliman's  Journal,  3d  Series,  vol.  13  and  14. 
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from  a  galvanic  battery  on  a  sheet  of  thin  copper,  rolled  down  to  a 
thickness  of  0.005  mm.  This  was  then  cleaned  and  carefully  bur- 
nished, and  placed  in  the  bath ;  when  the  gold  had  l)een  deposited  it 
was  removed,  and  immei-sed  in  weak  nitric  acid  for  several  days, 
dissolving  out  in  this  way  almost  the  whole  of  the  copper,  while  the 
gold  floated  on  the  surface;  it  was  then  floated  upon  glass,  and 
placed  within  two  ])lates.  In  order  to  ascertain  the  weights  of 
previous  films  which  were  thicker,  the  copper  was  weighed  before 
immersion  in  the  battery,  then  taken  out  and  reweighed,  the  differ- 
ence giving  the  weight  in  gold,  the  calculation  being  based  on  the 
weight  of  a  cubic  decimeter  of  pure  gold. 

It  is  found  that  in  this  way  gold  may  be  spread  over  a  space  many 
times  larger  than  the  thinnest  gold  that  can  be  prepared  by  beating. 
It  is  remarkable  on  this  specimen,  that  in  rolling  the  copper,  imper- 
fections in  the  rolls  produced  very  slight  irregularities  in  the  copper 
film.  These  are  all  reproduced  in  the  shape  of  fine  strise  on  the  gold, 
probably  owing  to  the  fact  that  the  copper  was  more  compressed  in 
the  direction  of  these  lines,  and  had  thus  been  a  better  conductor,  so 
that  the  gold  was  deposited  there  more  rapidly  than  over  the  rest  of 
the  surface.  When  the  plate  is  of  appreciable  thickness,  these  irregu- 
larities can  be  burnished  out. 

With  a  plate  so  thin  as  this,  nothing  can  be  done.  It  cannot  be 
handled  or  touched,  except  floating  on  water,  and  then  only  with  a 
fine  camel's  hair  pencil.  It  is  so  perfectly  transparent  that  the  finest 
print  can  be  seen  through  it  without  the  least  difficulty. 
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BY   n.    riRMSTONE,   LONGDALE,    ALLEGHENY  CO.,   VA. 

Deposits  of  cadraia,  or  impure  oxide  of  zinc,  are  of  common 
occurrence  in  the  upper  parts  of  blast  furnaces  using  ores  containing 
zinc,  and  were  very  common  in  the  charcoal  furnaces  of  Virginia 
working  the  brown  hematite  ores  found  near  the  Cadent  black  slate. 

These  dejwsits  were  known  to  the  old  charcoal  founders  as  "sul- 
phur rings,"  and  the  characteristic  green  flame  of  burning  zinc  fre- 
quently to  be  seen  at  the  tymp  of  furnaces  working  ores  containing 
zinc,  was  held  by  them  to  indicate  the  presence  of  a  "sulphur  fall." 
When   zinc  is  burning  in  considerable  quantities  at  the  tymp,  the 


94       KOTE   ON    A    DEPOSIT   OF    CADMIA    IX    A    COKE    FURNACE. 

pieces  of  charcoal  shovelled  from  the  front  are  frequently  covered 
with  oxide  of  zinc,  and  while  hot  this  oxide  is  of  a  yellow  color, 
resembling  somewhat  flowers  of  sulphur,  which  tended,  no  doubt,  to 
strengthen  their  belief  that  sulphur  was  present.  These  charcoal 
furnaces  having,  as  M'as  customary,  very  small  tunnel-heads,  fre- 
quently became  much  obstructed  by  the  zinc  deposits,  and  it  was  a 
common  thing  for  them  to  be  blown  down  for  the  purpose  of  "burn- 
ing out  the  sulphur  ring,"  it  being  supposed  that  the  heat  at  the  top 
while  blowing  down  tended  to  remove  the  obstruction.  How  far 
this  may  have  been  the  case  is  not  known  to  the  writer,  but  from 
the  persistent  manner  in  which  they  remain  during  blowing  out  in 
the  top  of  a  coke  furnace  with  which  he  is  familiar,  he  should  judge 
that  but  little  good  was  done  by  the  operation. 

Such  deposits  then  being  of  common  occurrence  and  so  familiar  to 
furnacemen,  it  will  be  the  object  of  this  paper  merely  to  call  attention 
to  the  large  size  and  peculiar  shape  assumed  by  one  of  them  in  a  coke 
blast  furnace,  the  shape  being  determined  by  measurements  taken 
after  blowing  out.  Since  it  is  very  important  for  a  jn'oper  discussion 
of  all  questions  in  relation  to  blast  furnaces  that  all  the  data  should 
be  known,  the  dimensions,  etc.,  of  the  furnace  will  first  be  given. 
The  furnace  in  question  is  60  feet  high  and  11  feet  diameter  at  the 
largest  place,  which  is  about  midway  of  the  height ;  the  tunnel-head  is 
8  feet  diameter,  and  the  furnace  is  filled  by  a  modification  of  Coignt's 
charger  (or  double  bell),  as  described  by  Mr.  F.  Firmstone  (vol.  ii,  of 
Transaetions,  page  103),  the  gas  being  taken  off  by  a  central  pipe.  The 
hearth  is  6  feet  diameter,  and  has  three  tuyeres.  About  3700  cubic  feet 
of  blast  per  minute  is  supplied  to  the  furnace,  at  3|  pounds  pressure 
per  square  inch,  the  temperature  of  the  blast  being  a  full  lead  heat, 
rarely  melting  zinc.  The  coke  used  is  New  River  coke,  from  West 
Virginia;  the  iron  ore  is  brown  hematite,  obtained  near  the  furnace 
in  Allegheny  County,  Virginia,  and  contains  about  46  per  cent,  of 
iron.  The  limestone  is  a  pure  carbonate  of  lime,  supposed  to  corre- 
spond to  the  Pre-meridian  limestone  of  Rogers's  Pennsylvania  survey. 
Twenty  hundredweight  and  three-quarters  (20|cwt.)  of  coke  are 
consumed  in  making  a  ton  of  gray-forge  pig  iron,  the  furnace  pro- 
ducing about  185  tons  of  iron  per  week.  The  cubic  contents  of  this 
furnace  is  about  3900  cvibic  feet  Several  analyses  of  average  sam- 
ples of  the  iron  ore  have  been  made,  but  in  no  case  was  any  zinc 
found.  The  same  is  true  of  the  coke  and  limestone.  The  zinc 
undoubtedly  comes  from  the  iron  ore,  but  must  have  been  missed 
each  time  in  sampling. 
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The  deposit  of  cadniia,  wliioh  it  is  the  special  object  of  tliis  paper 
to  describe,  was  formed  during  a  fourteen  months'  blast,  the  furnace 
having  been  blown  in  September,  1876,  and  blown  out  November, 
1877.  In  Fig.  1,  a  vertical  section  of  this  deposit  is  given,  the  sec- 
tion plane  passing  through  the  front  and  back  of  the  furnace.  In 
Fig.  2,  a  similar  section  is  given,  the  plane  passing  through  the  two 
side  tuyeres,  Nos.  1  and  3.  In  Fig.  3,  a  horizontal  section  of  the 
deposit  or  ring  is  shown,  the  section  being  taken  at  about  the  centre 
of  the  ring,  or  7  feet  from  the  top  of  the  furnace.  The  materials  to 
fill  the  furnace  were  dumped  into  the  charging  apparatus  at  four 
places,  and  the  position  of  these  four  places  on  the  circumference  of 
the  lining  is  marked  on  the  horizontal  section,  as  is  also  the  position 
of  the  centres  of  the  tuyeres  below. 

It  is  the  peculiar  form  of  this  deposit,  as  exhibited  by  the  horizontal 
section,  that  makes  it  interesting,  and  particularly  so  when  compared 
with  a  horizontal  section  of  a  blast  furnace  described  by  Mr.  F.  Firm- 
stone,  and  published  in  the  Transactions  (vol.  iv,  i)age  128),  in  which 
it  was  shown  that  the  lining  of  the  furnace  was  worn  into  six  grooves 
at  equidistant  points  on  the  circumference.    In  this  case  the  materials 
had  been  dumped  into  the  furnace  (open  top)  at  six  equidistant  points 
on  the  circumference,  the  grooves  being  midway  between  the  points 
at  which  the  stock  was  dumped  in,  as  also  midway  between  the  centre 
lines  of  the  tuyeres  below.     An  examination  of  the  horizontal  sec- 
tion of  the  ring  of  cadmia  (Fig.  3),  shows  it  to  have  four  prominent 
points  directly  over  the  tuyeres,  and   midway  between  the  points  at 
which  the  stock  was   dumped  in,  while  directly  under  these  last- 
named  points  there  is  but  little  deposit.     In  either  case  it  seems 
most  probable  that  the  position   of  the  tuyeres  had  nothing  to  do 
with  the  thing,  but  most  likely  it  has  been  caused  by  the  distribu- 
tion of  the  materials.  The  shape  of  the  ring  of  cadmia,  with  reference 
to  the  points  at  which  the  stock  was  dumped  in,  is  just  the  reverse  of 
that  of  the  section  of  blast-furnace  lining  above  referred  to,  as,  indeed, 
the  two  cases  of  their  formation  are  the  reverse  one  of  the  other,  one 
being  a  deposit  (from  the  gases)  on  the  lining,  and  the  other  a  wear- 
ing away  of  the  same  ;  the  projections  in  the  one  case  and  the  grooves 
in  the  other,  in  all  probability  indicating  the  course  of  the  ascend- 
ing gases,  for  it  seems  plausible  that  we  should  look  for  the  largest 
zinc  deposit  where  the  largest  amount  of  gas  passes,  since  the  zinc 
incrustation  is  deposited  from  it.     It  is  to  be  hoped  that  the  presen- 
tation of  this  paper  may  bring  to  discussion  some  of  these  interest- 
ing, and  to  furnacemen,  important  questions. 
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When  this  paper  was  read  at  the  last  May  meeting  of  the  Insti- 
tute, the  \yriter  was  iu  possession  of  the  measurement  of  but  one  of 


these  deposits,  but  since  that  time,  the   blowing  out  of  the  same 
furnace,  after  a  little  less  than  ten   months'  blast,  has  put  him  in 
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jiossession  of  the  measurements  of  another  deposit  of  cadniia,  much 
larjxer  than  the  one  described,  and  which  seems  to  follow  the  same 
law  in  its  formation,  although  in  not  so  marked  a  manner.  This, 
however,  would  appear  to  be  due  to  the  much  larger  size  of  the 
deposit,  the  tunnel  head  of  the  furnace  being  much  more  nearly 
closed  than  in  the  first  case.  Considerably  more  ore  was  used  during 
the  ten  months'  blast  than  during  the  previous  fourteen  months'  blast, 
the  output  of  the  furnace  having  been  greatly  increased,  and  hence 
the  larger  size  of  the  deposit  in  a  shorter  time.  This  second  deposit 
is  exhibited  by  Figures  4,  5,  and  6,  in  the  same  manner  as  the  first. 
The  first  deposit  on  being  removed  from  the  furnace  was  found  to 
weigh  4  tons  6  cwt.;  the  second,  12  tons  4  cwt.  Both  deposits  were 
sold  to  a  zinc  company,  I  presume  for  conversion  into  spelter.  An 
analysis  of  a  piece  from  one  of  these  deposits  resulted  as  follows  (by 
Dr.  T.  M.  Drown) : 

Silica, 0.94 

Iron  (mo.'stly  metallic),  ........  2  44 

Oxide  of  lead, 0.90 

Lime, 1.22 

Oxide  of  zinc, 93.89 

Carbon,  by  loss, 0.61 

100.00 
It  would  seem  that  such  deposits  as  this  ought  to  greatly  interfere 
with  the  regular  descent  of  the  charges,  and  thereby  with  the  furnace 
carrying  burden  ;  but  such  was  not  the  case  here,  the  furnace  having, 
during  both  blasts,  carried  a  good  burden  up  to  the  last,  and  having 
worked  quite  regularly,  although  in  the  last  case  the  burden  was  not 
quite  as  heavy  nor  the  work  quite  as  regular  as  earlier  in  the  blast. 
It  will  no  doubt  be  necessary  in  the  case  of  longer  blasts  being  made 
at  this  furnace,  to  blow  down  occasionally,  and  cut  out  the  deposit 
(a  job  that  will  not  be  easily  accomplished,  as  the  substance  is  very 
hard),  and  take  it  out  of  the  top  of  the  furnace,  not  allowing  it  to 
de-scend  into  the  hearth. 

The  furnace  in  question  has  spells  of  several  days'  duration,  when 
the  hearth  is  filled  with  the  flame  of  burning  zinc,  and  scarcely  any- 
thing but  this  characteristic  green  flame  can  be  seen  at  the  cinder 
notch  and  tapping-hole.  Pieces  of  zinc  are  carried  along  on  the 
surface  of  the  cinder  and  iron  \vhile  running,  giving  off  the  green 
flame  as  they  pass,  and  leaving  on  the  top  of  the  cinder  a  deposit  of 
oxide  of  zinc,  yellow  while  the  cinder  is  hot,  but  changing  to  a  pure 
white  when  cold.     One  of  the  most  peculiar  things  in  this  connec- 
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tion,  and  one  which  the  writer  never  heard  mentioned  before,  is  the 
escaping  of  metallic  zinc  through  the  cracks  of  the  hearth.     This 


Xo.l_Tuyere 


takes  place  at  the  level  of  the  tuyeres,  and  thence  up,  for  a  height  of 
three  or  four  feet.     One  hundred  to  one  hundred  and  fifty  pounds 
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iniglit  possibly  be  collected  in  this  way  during  a  year's  run.  In 
tearing  out  an  old  hearth  many  of  the  bi'icks  are  found  permeated  by 
globules  of  metallic  zinc,  the  bricks  being  much  shattered.  Whether 
the  bricks  are  first  shattered,  and  the  zinc  then  runs  into  the  cracks, 
or  whether  the  zinc  is  instrumental  in  the  shattering,  is  an  unsettled 
question,  but  it  is  quite  certain  that  great  difficulty  has  been  experi- 
enced in  getting  the  hearths  to  stand. 
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The  members  arrived  at  Ticonderoga,  N.  Y.,  at  noon,  Tuesday, 
October  loth,  and  were  received  by  Mr.  Cyrus  Butler,  Chairman  of 
the  Local  Committee  of  Arrangements.  During  the  afternoon  the 
works  of  the  American  Graphite  Company  and  the  Horicon  Iron 
Company  were  visited  under  the  guidance  of  Mr.  Butler,  President 
of  both  companies,  and  of  Mr.  William  Hooper,  Superintendent. 
An  excursion  was  then  made,  in  carriages,  to  old  Fort  Ticonderoga, 
on  Lake  Champlain,  after  which  the  party  were  driven  to  the 
Rogers  Rock  Hotel,  on  Lake  George. 

The  first  session  of  the  Institute  was  held  in  the  parlor  of  the 
liotel  on  Tuesday  evening.  Mr.  Eckley  B.  Coxe,  President  of  the 
Institute,  opened  the  proceedings  with  the  following  address: 

I  shall  ask  your  attention,  this  evening,  to  a  few  reflections  upon 
the  subject  of  mining  engineering  as  a  profession  in  the  United 
States,  its  past,  its  present,  and  its  future,  and  its  duties  and  oppor- 
tunities with  reference  to  the  proper  development  of  our  great  min- 
eral resources. 

Thirty  years  ago,  there  were  scarcely  any  mining  engineers  in 
this  country,  and  but  few  in  England,  and  there  were  no  institutions 
where  young  men  could  be  educated  for  the  profession  in  the  Eng- 
lish language.  France  and  Germany  have  been  able  for  about  a 
century  to  boast  of  mining  schools  of  a  high  character,  that  number 
among  their  graduates  such  men  as  Humboldt,  Weisbach,  Rittinger, 
Combes,  and  Gruner. 

Of  the  few  we  then  had  worthy  of  the  name  of  "mining  engi- 
neer," some  had  studied  in  the  continental  academies,  and  others 
were  graduates  in  the  school  of  practical  experience,  and  had  learned 
their  profession  in  mines  and  smelting-works.  Their  work  con- 
sisted principally  in  making  surveys  and  maps  of  mines  and  mining 
properties,  geological  reports,  and  analyses  of  ores;  but  the  mining 
engineer  whom  we  often  meet  with  now,  who  has  studied  chemistry, 
physics,  mineralogy,  geology,  mechanics,  and  drawing;  who  is  more 
or  less  familiar  with  machinery  and  its  construction,  and  with  the 
practical  management  of  mines  or  smelting-works,  and  who  is  an 
expert  in  some  one  branch  of  his  profession,  would  have  been  very 
difficult  if  not  impossible  to  find  in  the  United  States.  The  induce- 
ments held  out  to  ambitious   and  talented  young  men  to  enter  the 
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profession  were,  it  must  be  admitted,  very  small.  By  a  larj^e  por- 
tion of  the  community,  a  mining  engineer  was  considered  to  be 
merely  a  bait  with  which  unsophisticated  capitalists  were  to  be 
caught,  and  his  opinions  were  considered  to  be  M'orth  so  much  a 
page  and  to  favor  any  view  which  his  employer  wished  to  have  ad- 
vocated. He  was  seldom  consulted  as  to  the  proper  method  of 
working  a  mine  or  running  a  furnace ;  he  was  rarely  called  upon 
by  directors  of  works,  except  for  extraordinary  work,  such  as  to 
give  the  direction  in  which  a  tunnel  should  be  driven,  or  to  analyze 
a  new  ore  or  limestone.  There  was  no  recognized  standard  in  the  pro- 
fession, and  there  were  great  openings  for  unprincipled  adventurers, 
of  which  many  charlatans  took  advantage.  Up  to  within  fifteen 
years,  mining  engineers  were  too  often  regarded  by  those  who  had 
dealings  with  them  with  great  distrust,  and  well-educated  persons 
may  yet  be  found  who  have  no  idea  what  a  mining  engineer  is,  nor 
what  he  is  called  upon  to  undertake. 

This  feeling  is,  however,  wearing  away.  We  now  have  mining 
engineers  whose  names  are  as  well  known  abroad  as  at  home;  whose 
opinions  are  respected  and  paid  for,  although,  I  am  proud  to  say, 
they  cannot  be  bought.  We  have  schools  whose  graduates  are  well 
qualified  to  enter  the  ranks  of  the  profession  when  they  have  ob- 
tained the  proper  practical  experience ;  and  there  are  few  parts  of 
the  country  without  mining  engineers  of  established  reputation, 
unless,  in  consequence  of  the  peculiar  condition  of  the  locality,  there 
is  no  need  of  their  services. 

Mining  engineering  is  now  recognized  as  an  important  profession, 
wuth  its  own  periodicals  and  works  of  reference.  The  rapid  de- 
velopment and  the  flourishing  condition  of  this  Institute,  now  num- 
bering over  seven  hundred  members,  notwithstanding  the  almost 
unprecedented  depression  of  all  business  connected  with  miuing, 
show^s  how  firmly  the  profession  has  taken  root  in  the  United  States. 

The  causes  of  this  change  are  very  interesting,  and  to  some  of 
them  I  shall  devote  the  greater  part  of  the  few  moments  that  I  shall 
detain  you.  No  doubt  the  general  development  of  the  country,  the 
advance  in  education,  the  better  appreciation  of  the  duties  of  the 
profession  and  of  the  aids  that  a  mining  engineer  can  give  to  indus- 
trial enterprises,  have  had  their  effects ;  but  the  most  interesting 
and  most  efficient  cause  in  bringing  about  the  result  is,  I  think,  the 
great  change  in  the  problem  which  is  now  presented  to  owners  of 
mineral  properties,  and  which,  to  be  successful,  they  must  solve. 

Thirty  years  ago,  the  effects  of  railroads  had  scarcely  begun  to  be 
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felt.  Mining  (I  here  use  mining  in  its  widest  sense — that  is,  as  in- 
chiding  all  mining,  metallurgical,  and  other  enterprises  which  fall 
within  the  province  of  the  "  mining  engineer,"  as  that  title  is  un- 
derstood by  this  Institute) — mining,  I  repeat,  was  of  a  very  different 
character  from  that  with  which  Ave  are  familiar  at  the  present  day. 
In  the  first  place,  the  want  of  means,  or,  what  is  the  same  thing,  the 
great  expense  of  transporting  the  ore,  metal,  or  other  product  ob- 
tained, if  it  were  very  bulky  or  very  heavy  in  proportion  to  its 
value,  naturally  limited  the  market,  and  consequently  the  output  of 
the  mines,  iron  furnaces,  etc.  If  the  market  was  not  limited,  the 
difficulty  of  obtaining  more  than  a  certain  amount  of  charcoal  where 
that  fuel  was  used,  or  of  bringing  coal  from  a  distance,  prevented  in 
another  way  the  development  of  many  industries.  Sometimes  the 
difficulty  of  transporting  food,  the  thinness  of  population,  or  the 
lack  of  machine-shojjs  for  doing  heavy  work,  and  the  lack  of  capital, 
prevented  the  building  up  of  great  industrial  centres  and  the  utili- 
zation of  many  now  valuable  deposits. 

In  consequence  of  these  circumstances,  mining  industry  was  for 
the  most  part  confined,  except  where  specially  rich  or  pure  ores 
were  found,  to  points  possessing  a  local  market,  or  where  the  works 
could  be  erected  at  a  small  expense,  utilizing,  perhaps,  water-power, 
which  is,  although  often  limited  and  uncertain,  economical  for  small 
establishments. 

Little  effort  was  made  to  economize  fuel  or  ore ;  but  everything 
was,  as  a  rule,  sacrificed  to  saving  as  much  as  possible  in  the  orig- 
inal cost  of  the  plant.  The  furnaces,  buildings,  machinery,  etc., 
were,  in  consequence,  generally  of  a  very  rude  and  defective  con- 
struction, and  were  built  and  managed  by  men  who  had  but  little 
scientific  knowledge  of  their  business. 

Under  these  circumstances,  we  can  well  see  that  there  was  but 
little  place  for  the  mining  engineer.  Works  of  such  rude  character, 
where  cheapness  of  installation  was  generally  the  only  point  insisted 
upon  by  the  proprietor,  could  be,  and  usually  were,  constructed  by 
the  mechanics  of  the  neighborhood,  under  the  direction  of  some 
practical  miner  or  smelter.  We  must  remember  that  the  very  fact 
of  the  difficulty  and  expense  of  transporting  ore,  fuel,  etc.,  prevented, 
to  a  large  extent,  competition,  and  gave  to  the  owner  of  the  richest 
and  purest  ore-bed,  or  of  the  largest  forest,  or  best  water-power  in 
a  certain  locality,  a  practical  monopoly  of  the  adjacent  market ;  for, 
to  be  successful  in  business,  all  that  was  necessary  for  him  was  to 
be  able  to  obtain  his  product  at  a  less  cost  than  his  neighbors,  whose 
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works  were,  of  course,  as  rude,  and  whose  method  of  production  as 
expensive  as  his  own.  Land  was  cheap,  the  wants  of  the  people 
few,  and  there  had  not  been  that  development  of  the  principle  of  as- 
sociation leading  to  the  formation  of  joint-stock  companies  possessed 
of  capital  sufficient  to  put  up  expensive  works,  so  arranged  as  to 
obtain,  at  a  minimum  cost,  a  large  output  of  the  best  quality. 

The  actions  of  the  miners  and  metallurgists  were  more  like  those 
of  the  hunters  in  South  America,  who,  after  killing  the  cattle  on  the 
pampas,  take  the  hide  only,  leaving  the  meat  upon  the  ground ;  as 
they  can  earn  more  money  in  the  same  space  of  time  in  that  way, 
and  do  not  care  how  much  is  wasted.  "  The  cattle  will  last  out  our 
time !"  they  think. 

With  the  introduction  of  railroads,  supplemented  by  the  canals 
already  in  operation,  came  the  era  of  the  cheap  transportation  of 
heavy  and  bulky  articles,  and  with  it  the  tendency  to  concentrate 
mining  and  metallurgical  establishments  in  certain  centres.  It  now 
became  possible  to  work  deposits  of  ore  which  formerly  were  so  far 
from  fuel  as  to  be  practically  valueless,  and  to  obtain  ores  and  fuels 
of  different  grades  and  composition.  The  problem  presented  to  the 
miner  became  much  more  complicated,  and  required  ability  and  in- 
telligence of  a  much  hio-her  order  to  solve  satisfactorilv. 

In  the  good  old  time,  as  it  was  called,  a  landowner  discovering  a 
bed  of  iron  ore  on  his  property,  apparently  rich  enough  to  work, 
would,  if  he  were  a  prudent  man,  send  a  sample  of  it  to  the  nearest 
forge  and  have  it  made  into  iron.  If  the  experiment  were  not  suc- 
cessful, the  matter  would  be  dropped  ;  if  successful,  the  owner,  after 
having  satisfied  himself  that  he  could  obtain  fuel  enough,  and  that 
he  could  sell  his  product  in  his  immediate  neighborhood  without 
fear  of  too  great  local  competition,  would  employ  one  of  the  men 
from  the  forge  where  the  experiment  had  been  made  to  build  one 
like  it,  and  would  then  begin  to  make  iron,  limiting  his  production 
to  the  wants  of  the  local  market.  There  was  comparatively  little 
inducement  to  try  to  diminish  the  cost  of  production  and  to  improve 
the  product  so  long  as  iron  from  other  districts  did  not  come  into 
his  market. 

Now  the  development  of  our  railroad  system  has  altered  all  this. 
Iron  from  one  part  of  the  country  can  be  sent  into  almost  any  other, 
and  the  home  market  can  only  be  held  by  the  metal  produced  in 
any  locality,  so  long  as  it  can  be  sold  at  the  same  prices  as  that  from 
a  distance. 

If  a  prudent  person  thought  at  the  present  day  of  investing  his 
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monev  in  the  erection  of  an  iron  furnace,  before  beginning  operations 
he  would  obtain  samples  of  all  the  available  ores,  fuels,  and  lime- 
stones, and  estimates  of  the  prices  at  which  they  could  be  mined  and 
delivered  at  the  furnace.  He  would  have  them  carefully  analyzed, 
so  as  to  be  able  to  judge  not  only  of  their  relative  values,  but  also  of 
the  results  which  could  be.obtained  by  mixing  them  in  various  ways. 
He  would  endeavor  to  determine  the  cost  of  production  and  the  sell- 
ing price  of  the  various  kinds  of  iron  he  could  make.  He  would 
thoroughly  investigate  the  whole  subject  of  the  transportation,  not 
only  of  the  raw  materials  to  his  furnace,  but  also  of  his  product  to 
market,  and  of  the  food  and  other  supplies  needed  for  his  works. 
He  would  also  consider  whether  there  were  other  centres  of  produc- 
tion which  would  compete  with  him  for  his  market,  and  if  so,  on 
what  terms.  Aliother  question  not  to  be  neglected  would  be,  the 
number  of  workmen  to  be  obtained  in  his  immediate  neighborhood, 
and  whether  the  demand  for  laborers,  occasioned  by  the  erection  of 
the  new  works,  would  compel  their  importation  from  other  districts ; 
and  if  so,  how  far  this  would  increase  the  rate  of  wages  he  would  be 
obliged  to  pay. 

The  next  matter  to  be  considered  would  be,  how  far  economy  in 
the  cost  of  production  could  be  realized  in  every  department  by  the 
substitution  of  machinery  for  the  work  usually  done  by  men. 

In  order  to  compete  successfully,  the  works  must  be  built  in  the 
best  manner,  care  being  taken  not  to  increase  the  future  cost  of  pro- 
duction by  cutting  down  the  estimates  for  the  plant.  To  grasp  this 
great  problem,  to  thoroughly  investigate  it,  and  to  draw  the  proper 
conclusion,  is  the  best  test  of  the  true  engineer ;  that  is,  of  him  who 
has  mastered  both  the  theory  and  the  practice  of  his  profession — of 
the  man  who  neither  neglects  the  theoretical  speculations  of  the 
chemist,  the  physicist,  the  geologist,  and  the  mechanical  engineer, 
.nor  the  facts  and  opinions  of  the  practical  men  whose  daily  contact 
with  the  actual  working  of  the  furnaces  enables  them  to  make  very 
valuable  suggestions;  for  hints  which  at  first  appear  of  little  impor- 
tance sometimes  lead  to  great  results. 

It  is  this  chauo;e  in  the  condition  of  the  industries  of  the  United 
States  that  has  contributed  in  the  greatest  degree  to  build  up  our 
profession.  The  competition,  not  only  of  their  immediate  neigh- 
bors, but,  owing  to  the  improved  methods  of  transportation,  of  the 
whole  world,  has  forced  upon  the  attention  of  owners  of  mines  and 
furnaces  the  importance  of  having  the  best  skilled  scientific  aid  ob- 
tainable; for  it  now  has  become  important  to  know  not  only  what 
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advantage  you  may  have  over  your  competitors,  and  how  you  can 
best  utilize  them,  but  also  those  which  they  have  over  you.  I  take 
an  example  from  my  own  experience.  In  pursuing  the  business  of 
mining,  shipping,  and  selling  anthracite  coal,  our  firm  has  expended 
a  large  amount  of  time,  money,  and  labor  in  investigating  the  chem- 
ical composition  and  physical  properties^  not  only  of  the  coal  we 
mine,  but  also  of  all  others  with  which  we  come  in  contact  in  the 
market ;  and  we  think  we  know  in  what  respects  our  coal  is  supe- 
rior and  in  what  inferior  to  that  of  our  competitors  as  regards  its 
appearance,  its  composition,  its  manner  of  burning,  the  nature  and 
quality  of  ash,  the  location  of  its  markets,  etc.  We  do  not  imagine 
that  we  have  got  the  best  coal  in  the  market  for  all  purposes,  but 
we  try  to  know,  as  far  as  possible,  the  exact  relative  value  of  our 
coal  for  each  purpose,  and  for  each  market.  Knowing  this,  our 
business  rule  is  to  sell,  if  possible,  our  whole  production,  of  each 
size,  in  that  market,  and  for  that  purpose,  to  which  it  is  best  adapted. 
When  this  market  is  exhausted,  we  turn  to  that  which  then  oifers 
the  greatest  advantage.  The  importance  of  understanding  exactly 
what  you  have  to  sell,  and  what  the  person  to  whom  you  are  trying 
to  sell  really  wants,  is  very  great ;  for  it  is  far  more  unfortunate  to  sell 
coal  of  a  peculiar  quality  for  a  purpose  to  which  it  is  not  adapted, 
which  naturally  dissatisfies  the  purchaser  and  injures  the  reputation 
of  the  coal,  than  to  miss  making  the  sale. 

We  have  found,  that  the  more  educated  scientific  engineers  we 
employ  in  our  business,  the  more  we  try  to  keep  ourselves  au  cour- 
ant  with  what  the  profession  is  doing  in  the  different  civilized  coun- 
tries of  the  world,  not  only  in  our  own  branch — that  is,  coal — but 
in  every  other  department  of  mining  engineering,  and  the  more  care- 
fully we  follow  the  experiments  and  discoveries  that  are  made  by 
others,  the  more  pecuniary  profit  we  reap.  For  example,  for  the 
last  eight  or  ten  years,  there  has  been  a  growing  feeling,  among 
those  engaged  in  the  mining  of  anthracite  coal  in  Pennsylvania,  that 
the  old  method  of  picking  out  all  the  slate  by  hand  was  too  expen- 
sive, and  for  small  coal  almost  impracticable,  if  the  coal  was  to  be 
well  prepared,  and  that  some  mechanical  method,  such  as  jigging, 
would  have  to  be  adopted ;  and  in  consequence  jigs  have  come  into 
use. 

Those  first  constructed  were  extremely  expensive  and  complicated, 
and  although,  when  working  M'ell  (that  is,  when  the  machinery  was 
not  deranged),  they  made  a  very  good  separation,  yet  the  difiiculty 
of  keeping  them  in  good  running  order  was  so  great  that,  notwith- 
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standing  the  fact  that  they  had  cost  several  thousand  dollars  apiece, 
they  have  been  in  most  cases  thrown  out. 

In  the  course  of  time,  the  attention  of  a  number  of  inventors  was 
directed  to  the  problem,  and  simpler  and  less  expensive,  but  equally 
effective,  jigs  were  invented,  until  finally  they  were  built  of  com- 
paratively simple  construction,  for  about  four  hundred  dollars,  de- 
livered at  the  machine-shops.  As  the  simpler  jigs  were  brought 
into  use,  the  more  complicated  and  older  ones  were  abandoned  ;  but 
the  amount  of  money  expended  in  these  experiments  .has  been  very 
great,  certainly  over  one  hundred  thousand  dollars.  Our  firm  cer- 
tainly has  spent  from  five  to  ten  thousand  dollars  during  the  last 
four  or  five  years  in  purchasing  and  experimenting  with  them. 
About  three  months  ago,  I  received  the  Freiberg  J«/u"6itc/i  for  1878, 
and  in  it,  to  my  astonishment,  I  found  a  complete  set  of  drawings 
and  a  description  of  a  coal-breaker  now  in  operation  in  Saxony, 
which  is  very  similar  to  those  we  have  in  Pennsylvania,  and  in 
which  about  four  hundred  tons  of  very  impure  coal  are  prepared  for 
market  daily.  The  coal,  as  it  comes  from  the  mine,  contains  about 
25  per  cent,  of  ash,  and  that  shipped  to  market  only  7  to  8  per  cent., 
which  is  practically  clean  coal.  They  make  six  sizes,  exclusive  of 
the  fine  coal  or  dirt  (as  we  call  it)  which  is  all  saved. 

These  sizes  correspond  to  our  lump,  egg,  stove,  chestnut,  pea,  and 
buckwheat.  The  breaker  has  been  in  successful  operation  for  about 
three  years,  and  all  sizes  except  lump  are  prepared  by  jigging;  and 
the  product  they  obtain  at  an  expense  of  about  5|  cents  per  ton  is 
as  clean  as  ours,  and  is  obtained  from  much  dirtier  coal.  The  jig 
used  is  extremely  simple;  there  are  hardly  any  parts  likely  to  get 
out  of  order;  and  it  can  be  built  and  put  into  a  breaker  for  very 
much  less  cost  than  the  cheapest  jigs  in  use  at  the  anthracite  col- 
lieries of  Pennsylvania,  probably  little  over  one-half. 

As  soon  as  I  had  examined  the  article,  I  had  one  of  these  jigs 
built,  and  it  has  worked  admirably  from  the  very  start,  making  a 
good  separation  and  occupying  little  more  than  half  the  space  of  our 
old  jigs,  the  cost  being  practically  nothing  for  repairs. 

The  moral  that  I  would  draw  is  this:  Had  I,  when  the  jigging 
question  became  an  important  one  in  our  business,  availed  myself  of 
the  experience  of  European  engineers,  personally  or  by  employing 
an  expert,  and  made  myself  thoroughly  familiar  with  the  machines 
they  were  using,  I  could  have  begun  where  I  left  off  (for  I  built  a 
coal -jig  of  my  own  invention),  and  we  could  have  had  all  our  works 
completely  supplied  with  simple,  efficient  jigs  without  having  spent 


110  PROCEEDINGS   OF    THE    LAKE    GEORGE   MEETING. 

as  much  monev  as  we  have  done  to  find  out  that  we  were  wronff. 
In  other  words,  gentlemen,  the  day  has  gone  by  when  any  firm, 
company,  or  individual,  having  the  management  of  large  mines  or 
metallurgical  works,  can  afford  to  be  without  the  services  of  a  first- 
class  mining  engineer,  not  only  in  the  selection  of  the  location  for 
the  works,  in  laying  them  out  and  in  erecting  them,  but  also  as  ad- 
viser in  their  daily  management.  They  want  his  opinion,  not  only 
as  to  what  they  should  do,  when  they  should  do  it,  and  how  they 
should  do  it,  but  also  as  to  what  they  should  avoid.  This  is  entirely 
outside  of  what  many  call  the  mercantile  part  of  the  business. 

And  now  as  to  the  future.  Mining  and  metallurgy  are,  as  we  all 
know,  very  much  depressed,  not  only  in  the  United  States,  but 
throughout  the  civilized  world,  and  the  cause  is,  to  a  great  extent, 
the  manner  in  w^iich  works  have  been  erected  without  the  advice  of 
raining  engineers — in  the  highest  sense  of  the  word — of  men  who 
could  and  would  have  predicted  the  financial  ruin  of  those  com- 
panies or  firms  who,  relying  on  the  abnormal  rise  in  iron  or  coal, 
have  invested  large  sums  of  money,  where  everything  that  went  into 
the  works  had  to  be  paid  for  at  a  cost  double  and  even  triple  what 
it  would  be  now.  A  little  consideration  Avould  have  shown  that  the 
furnace  was  built  or  the  mine  opened  at  a  point  or  under  circum- 
stances which  were  not  adapted  to  the  economical  production  of  the 
iron  ore  or  coal  which  the  company  proposed  to  sell,  since  there  were 
already  in  existence  many  establishments  able  to  furnish  it,  without 
loss,  at  a  price  which  would  be  ruin  to  the  former. 

The  mining  industries  of  the  country  are  undoubtedly  suffering 
from  the  result  of  the  abnormal  advance  in  prices,  particularly  of 
iron  and  coal,  in  consequence  of  which  furnaces  were  erected,  mines 
opened,  rolling-mills  built,  and  those  already  in  operation  enlarged, 
without  suflScient  attention  having  been  paid  to  the  question  just 
referred  to. 

It  seems  to  me,  however,  that  when  the  present  crisis  is  past,  our 
country  will  enter  upon  a  new  era  as  a  producer  of  fuel  and  metals; 
that  we  shall  supply  not  only  our  own  market,  but  become  a  com- 
petitor for  the  markets  of  the  world  ;  that  is,  if  the  raining  engineers 
are  true  to  their  profession  and  to  theraselves,  and  if  those  who  own 
or  control  our  great  mineral  and  metallurgical  resources  will  grasp 
the  real  situation  of  affairs,  and  avail  themselves  of  and  profit  by  the 
advice  which  the  true  mining  engineer  is  able  to  give.  My  reasons 
for  believing  that  this  change  is  about  to  take  place  are : 

1.  The  fact  that  the  demand  for  coal  and  iron  and  other  metals  is 
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steadilv  increasinji:,  not  onlv  in  civilized,  bnt  also  in  half-civilized 
countries.  "Wood  is  becoming  scarcer;  steam  is  becoming  daily  more 
extended  in  its  use;  gas  is  being  introduced  everywhere;  the  uses 
of  iron,  and  particularly  of  steel,  are  multiplying;  the  methods  of 
working  the  metals  are  better  understood  ;  and  there  really  seems  no 
limit  to  the  amount  of  iron  that  the  world  will  consume. 

2.  The  deposits  of  the  Old  World  are  becoming,  not  exhausted,  but 
in  many  cases  more  expensive  to  work ;  the  demand  for  purer  ores 
requires  them  to  be  brought  from  a  great  distance;  the  coal  neces- 
sary to  supjil}'  the  future  demand  must  be  obtained  from  ever-in- 
creasing depths,  and  the  expense  of  getting  it  is  increasing,  partly 
on  account  of  the  great  depth  at  which  it  is  mined,  partly  on  account 
of  the  desire  to  economize  the  valuable  fuel  (for  which  higher  roy- 
alties are  now  paid),  partly  on  account  of  the  greater  restrictions  laid 
upon  mining  by  the  increasing  strictness  of  the  mining  laws  in 
Europe,  partly  on  account  of  the  greater  demands  of  the  working 
people,  who  now  work  in  England  fewer  hours  per  week  than  for- 
merly. This,  diminishing  the  output  per  man  and  for  each  opening, 
increases  the  cost  of  production. 

3.  The  greater  and  increasing  cost  of  food  abroad  ;  for  as  not  only 
a  large  part  of  the  grain,  but  also  of  the  cheese,  pork,  and  beef  con- 
sumed in  Europe  are  imported  from  this  country,  the  prices  of  these 
must  be  and  must  continue  higher  there. 

4.  The  rate  of  interest,  which  was  formerly  at  least  fifty  per  cent, 
higher  here  than  in  England,  has  diminished  very  much ;  and 
although  probably  lower  now  than  it  wall  be  hereafter,  when  trade 
revives,  yet  I  do  not  think  that  the  difterenee  will  be  as  great  in  the 
future  as  it  has  been  in  the  past. 

5.  The  tendency  of  wages  to  equalize  themselves  between  this 
country  and  Europe.  Now  that  the  steamers  carry  passengers  for 
about  twenty  dollars  from  England  to  the  United  States,  it  is  be- 
coming very  common  for  miners  and  iron- workers  to  go  back  and 
forth  as  times  are  better  in  one  country  or  the  other.  That  this 
occurs,  I  know,  for  we  have  had  several  cases  among  our  own  men  ; 
and  I  feel  satisfied  that  the  practice  is  increasing,  and  that  hereafter 
it  will  be  carried  to  such  an  extent  as  to  cause  the  rate  of  wages  paid 
in  the  two  countries  to  approach  more  nearly  to  one  another. 

6.  The  value  of  land  and  mineral  properties  is  generally  so  much 
less  in  this  country  that  a  first-class  establishment  can  often  now  be 
built  up  here  at  less  cost  than  it  could  be  abroad.     In  some  cases — 
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though  it  may  be  well  not  to  insist  too  much  on  that  point — our 
taxes  are  less. 

7.  The  great  average  intelligence  of  our  foremen  and  workmen, 
and  our  labor-saving  machinery. 

To  sum  up  briefly :  Our  comparatively  undeveloped  deposits,  the 
increasing  demand,  our  cheap  food,  the  cheapness  of  the  voyage 
across  the  Atlantic,  the  low  cost  of  land,  the  intelligence  of  our 
workmen,  and  our  labor-saving  machinery  ought  to  enable  our  in- 
dustrial establishments,  if  properly  located  and  conducted  in  the  best 
manner — that  is,  with  a  view  of  obtaining  the  greatest  product,  of 
the  best  average,  quality,  and  at  the  lowest  possible  price — to  com- 
pete successfully,  before  many  years  have  rolled  round,  for  the 
markets  of  the  world  in  such  things  as  iron,  steel,  and  coal,  as  we 
already  do  iu  gold,  silver,  petroleum,  wood,  cotton,  tobacco,  etc. 
But,  gentlemen,  this  is  not  like  a  prize  in  a  lottery,  to  be  won  by 
chance  or  good  luck ;  it  must  be  worked  for,  striven  after  continu- 
ously, patiently,  vigorously,  and  honestly.  No  want  of  success  must 
discourage  us  or  induce  us  to  give  up  the  contest. 

The  equation  is  not  an  impossible  one ;  there  is  a  solution ;  and 
the  day  will  be  a  great  one  for  the  country  when  the  solution  shall 
have  been  found,  as  it  must  be. 

Now,  fellow-members  of  the  American  Institute  of  Mining  En- 
gineers, what  is  our  share  in  the  great  work  ?  how  can  we  best  aid 
in  bringing  about  this  so-much-to-be-desired  result?  By  directing 
intelligently,  vigorously,  and  honestly  the  active  resources  of  the 
country  into  the  proper  channels ;  by  preventing  them  from  being 
turned  away  into  the  thousand  ditches  and  swamps  which  lie  upon 
all  sides,  ready  to  absorb  here  a  little  and  there  a  little,  and  produc- 
ing nothing  but  puddles  of  dirty  water,  which  will  only  serve  to 
foul  the  reputations  of  those  who  caused  them.  If  we  should  be 
employed  to  superintend  the  opening  of  a  mine,  the  erection  of  a 
furnace,  the  building  of  a  rolling-mill,  or  in  any  other  work  con- 
nected with  mining  or  metallurgy,  let  us  not  undertake  it  unless  we 
feel  that  it  is  really  wnthin  our  branch  of  engineering,  and  that  we 
are  really  expert  in  the  matter,  and  capable,  after  having  thoroughly 
studied  the  question,  of  carrying  it  through  to  a  successful  issue, 
provided  nothing  disastrous,  which  we  could  be  expected  to  foresee, 
should  occur.  In  the  next  place,  let  us  satisfy  ourselves  that  the 
enterprise  has  a  raison  d'itre;  that  is,  that  if  properly  started  and 
managed,  it  can  defy  any  competition,  which,  as  far  as  we  can  see, 
it  is  likely  to  be  exposed  to;  and  in  considering  this  question,  let  us 
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not  shut  our  eyes  to  any  circumstance  that  may  have  an  influence 
upon  the  question.  If,  after  our  examination,  we  feel  sure  that  the 
risk  is  too  great,  we  should  state  it  to  our  employers  openly,  frankly, 
explicitly,  Avithout  regard  to  tiie  fact  that  we  are  sacrificing  our  own 
position.  It  is  our  duty,  and  it  will  pay  us  in  the  long  run.  If  we 
merely  have  doubts,  state  them.  Those  whose  money  will  be  at 
stake  are,  of  course,  the  proper  persons  to  decide  whether  or  not  the 
risk  shall  be  taken  ;  but  we  should  be  sure,  if  they  do  not  thoroughly 
understand  the  question,  that  it  is  not  from  any  w^ant  of  honest  effort 
on  our  part  to  make  them  do  so.  Should  they  decide  to  go  on,  we 
should  satisfy  ourselves  that  sufficient  funds  will  be  forthcoming  to 
complete  the  work  properly,  as  originally  laid  out,  and  not  begin 
with. half  what  we  know  will  be  necessary  to  carry  it  to  a  successful 
cohipletion. 

And  those  who  do  not  desire  to  compete  for  the  markets  of  the 
world  must  remember  that  they  will  be  crushed  at  home  by  those  of 
their  rivals  who  put  themselves  into  condition  to  do  so. 

We  should  make  a  careful  study  of  the  whole  question,  so  a-s  to 
determine  the  proper  location  for  the  works,  their  size  and  general 
plan ;  we  should  familiarize  ourselves  with  all  that  has  been  done, 
both  in  this  country  and  abroad,  in  all  those  branches  which  have  a 
bearing  upon  our  problem  ;  we  should  pay  particular  attention  to 
everything  that  will  tend  to  diminish  the  cost  of  production,  to  raise 
the  quality  of  our  product,  and  to  make  it  uniform  ;  for  nothing 
adds  so  much  to  the  reputation  of  an  article,  and  enables  it  so  well 
to  hold  possession  of  the  market,  as  the  fact  that  it  is  always  the 
same;  it  will  almost  command  better  prices  than  a  similar  material, 
the  quality  of  which,  although  better  as  an  average,  is  variable. 

We  should  arrange  our  works  to  use  machinery  as  much  as  pos- 
sible, instead  of  men  ;  and  it  is  a  great  advantage  if  you  can  have 
two  classes  of  workmen  only  :  intelligent,  highly-skilled  mechanics, 
who  are  well  paid,  and  tvorth  their  wages,  and  ordinary  laborers. 
It  is  well  to  avoid  those  who  are  neither  fish  nor  flesh,  neither  good 
mechanics  nor  ordinary  laborers,  knowing  too  much  to  be  willing  to 
do  ordinary  work,  and  not  enough  to  be  employed  as  skilled  me- 
chanics. We  should  impress  upon  our  employers  the  importance  of 
thorough  organization,  perfect  plant,  regular  work,  uninterrupted  by 
the  breaking  of  cheap  machinery  or  the  incompetency  of  cheap  men. 
W^e  should  endeavor  to  keep  ourselves  continuously  au  courant  with 
what  is  going  on,  being  ready  to  adopt  every  real  improvement,  but 
not  every  brilliant  idea  which  has  not  been  tested  practically.     And 
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when  our  work  is  finished,  we  should  feel  that  we  have  done  every- 
thing in  our  power  to  produce  the  most  perfect  work  with  the  re- 
sources at  our  disposal,  at  the  least  possible  cost  to  our  employers. 

If  the  works  are  managed  by  us  when  in  operation,  the  same 
rules  should  guide  our  actions.  We  should  remember  that  our  first 
duty  is  to  enable  our  employer  to  see  and  understand  everything 
connected  with  the  engineer's  department  as  thoroughly  as  he  does 
that  which  relates  to  his  own.  And  if,  after  an  honest,  conscientious 
effort  to  bring  the  operation  to  a  successful  conclusion,  it  should  fail 
— and  fail  it  may,  for  the  mining  engineer  cannot  say  with  Richelieu, 
in  the  play,  "There  is  no  such  word  as  fail!" — we  should  be  able  to 
write  upon  the  ruined  stack  or  the  deserted  shaft-house,  "  Tout  est 
perdu  fors  Vhonneur." 

The  following  members  and  associates  were  unanimously  elected  :* 

MEMBERS. 

Hermon  B.  Butler, Ticonderoga,  X.  Y. 

James  R.  Cameron,    ......  Osceola,  Clearfield  Co.,  Pa. 

William  H.  Case, Port  Henry,  N.  Y. 

Dr.  Charles  B.  Dudley, Altoona,  Pa. 

Dr.  Frederick  Endlich, Eeading,  Pa. 

G.  Clinton  Gardner, Altoona,  Pa. 

Charles  L.  Hammond, Crown  Point,  jST.  Y. 

William  Hooper, Ticonderoga,  N.  Y. 

Joshua  Hunt, Catasauqua,  Pa. 

F.  H.  McDowell, San  Francisco,  Cal. 

John  McFadyen, Johnstown,  Pa. 

"William  Manthey, South  Pittsburgh,  Tenn. 

James  Cosmo  Newberry, Melbourne,  Australia. 

Oliver  S.  Presbrey, Port  Henry,  N.  Y. 

John  Provis,       .......  Alamos,  Sonora,  Mexico. 

George  R.  Sherman, Port  Henry,  N.  Y. 

Dolphus  Torrey, Philadelphia. 

Albert  Tower, Poughkeepsie,  N.  Y. 

Lamartine  C.  Trent, Belmont,  Montana. 

ASSOCIATES. 

Edward  B.  Buckley, Antwerp,  Jefferson  Co.,  N.  Y. 

"Willard  Parker  Butler, New  York  City. 

T.  Lloyd  Haigb, New  York  City. 

Charles  L.  Palmer, Port  Henry,  N.Y. 

William  H.  Price Cleveland,  Ohio. 

W.  G.  Thomas,  Jr., Brussels,  Illinois. 

John  A.  "Walker, Jersey  City,  N.  J. 

L.  E.  "Warner, Cincinnati,  Ohio. 

*  In  this  list  are  included  those  elected  at  the  third  session  of  the  meeting. 
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On  the  recommendation  of  the  Council,  the  following  associates 
were  made  members  of  the  Institute: 

Russell  B.  Harrison,  J.  B.  Mackintosh,  and  H.  B.  Willard. 

Dr.  Charles  B.  Dudley,  Chemist  to  the  Pennsylvania  Railroad, 
read  two  papers,  The  Chemical  Composition  and  Physical  Proper- 
ties of  Steel  Rails,  and  Does  the  Wearing  Power  of  Steel  Rails  In- 
crease with  the  Hardness  of  the  Steel  ?  After  remarks  by  many 
members  on  the  importance  of  the  subject  presented  by  Dr.  Dudley 
and  the  value  of  his  communications,  it  was  voted  that  the  discussion 
of  the  papers  presented  be  deferred  until  the  next  (February)  meet- 
ing of  the  Institute. 

Mr.  E.  B.  Coxe  made  a  short  communication  on  a  peculiar  form 
of  anthracite,  of  which  specimens  were  exhibited. 

Before  adjournment  of  the  session,  the  members  present  were  each 
given  a  box  of  graded  pencils  by  the  Joseph  Dixon  Crucible  Com- 
pany, Mr.  Orestes  Cleveland,  President,  as  a  souvenir  of  their  visit 
to  the  works  of  the  American  Graphite  Company. 

On  Wednesday  an  excursion  was  made  on  the  steamer  Ganouskie, 
Captain  Arnold  Hulett,  to  the  head  of  Lake  George,  stopping  at 
the  Hundred  Island  House  for  dinner.  On  returning,  a  special 
train  was  taken  for  Port  Henry,  stopping  at  Crown  Point,  where 
opportunity  was  given  for  inspection  of  the  Crown  Point  Iron  Com- 
pany's furnaces. 

The  second  session  was  held  at  the  Opera  House,  Port  Henry,  on 
Wednesday  evening,  when  the  following  papers  were  read  : 

The  Wheeler  Process  of  Welding  Iron  and  Steel  without  the  use 
of  Fluxes,  by  Dolphus  Torrey,  of  Philadelphia. 

An  Improved  Tuyere  and  Pipe,  by  John  M.  Hartman,  of  Phila- 
delphia. 

New  Determinations  of  the  Coefficients  of  Friction  of  Lui)ricated 
Journals  and  of  the  Laws  governing  such  Friction,  by  Prof  R.  H. 
Thurston,  Stevens  Institute  of  Technology,  Hoboken,  N.  J. 

A  Direct  Process  of  Copper  Smelting,  by  H.  M.  Howe,  of  Troy, 
N.  Y. 

On  Thursday  a  special  train  on  the  Lake  Champlain  and  Moriah 
Railroad  was  taken  to  Mineville,  where  the  principal  mines  of 
Witherbees,  Sherman  &  Co.  and  of  the  Port  Henry  Iron  Ore  Com- 
pany were  inspected.  The  party  were  here  provided  with  lunch, 
hospitably  provided  by  both  companies.  On  returning  to  Port 
Henry,  the  Cheever  ore  bed,  the  ore  wharves,  the  Cedar  Point  fur- 
nace, and  the  Port  Henry  furnaces  were  visited. 
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The  third  and  concluding  session  was  held  on  Thursday  evening, 
at  Port  Henry,  when  the  following  papers  were  read : 

The  Butler  Mine  Fire  Cut-off,  by  H.  S.  Drinker,  of  Philadelphia. 

The  Production  of  Charcoal  for  Iron  Works,  by  John  Birkinbine, 
of  Philadelphia. 

The  following  papers  were  read  by  title,  owing  to  lack  of  time  to 
read  them  in  full : 

The  Water  Supply  at  the  Bessemer  Steel  Works  of  the  Edgar 
Thomson  Steel  Company,  by  P.  Barnes,  of  Springfield,  111. 

Shaft  Surveying  in  the  Brown  Hematite  Mines  of  Northampton 
County,  Pa.,  by  Ellis  Clark,  Jr.,  of  Easton,  Pa. 

Experiments  on  the  Removal  of  Carbon,  Silicon,  and  Phosphorus 
from  Pig  Iron  by  Alkaline  Carbonates,  by  Dr.  Thomas  M.  Drown, 
Lafayette  College,  Easton,  Pa, 

The  following  resolutions,  offered  by  Dr.  P.  W.  Raymond,  Avere 
voted  unanimously : 

Resolved,  That  the  Secretary  be  instructed  to  convey  the  thanks  of  the  Institute 
to  the  following  gentlemen  for  the  cordial  courtesj'  and  hospitality  which  have 
so  greatly  contributed  to  the  comfort,  pleasure,  and  profit  of  the  Institute  during 
the  meeting  now  about  to  close,  viz  :  Messrs.  Le  Grand  B.  Cannon,  President 
of  the  Champlain  Transportation  Companj' ;  Arnold  Hulett,  Captain  of  the 
steamer  Ganouskie  ;  Orestes  Cleveland,  President,  and  J  A.  Walker,  Secretary, 
of  the  Josejih  Dixon  Crucible  Company;  Cyrus  Butler,  President,  and  William 
Hooper,  Superintendent,  of  the  American  Graphite  Company  and  Horicon  Iron 
Company;  Thomas  Dixon,  President,  and  T.  Vorhees,  Superintendent,  of  the 
Delaware  and  Hudson  Canal  Company  ;  E.  Hedding,  Superintendent  of  the  Lake 
Champlain  and  Moriah  Railroad;  Walter  Tefft,  Superintendent  of  Witherbees, 
Sherman  &  Co.'s  mines;  G.  G.  Roe,  Superintendent  of  the  Port  Henry  Iron 
Company's  mines;  W.  H  Case,  Engineer  of  both  companies;  General  Ham- 
mond, President,  and  Alvin  L.  Inman,  Superintendent,  of  the  Crown  Point  Iron 
Company;  Captain  McDonald,  of  ihe  Crown  Point  Mines;  T.  F.  Witherbee, 
Superintendent,  I.  Cary,  Assistant  Superintendent,  of  the  Cedar  Point  Furnace; 
O.  S.  Presbury,  Superintendent  of  Cheever  Ore  Beds  ;  and  "W  T.  Foote,  Super- 
intendent of  the  Port  Henry  Furnaces,  also  to  the  Port  Henry  Iron  Ore  Com- 
pany and  Messrs.  Witherbees,  Sherman  «fe  Co. 

Resolved,  That  special  thanks  be  extended  to  Messrs.  Cyrus  Butler,  F.  S. 
Witherbee,  T.  F.  Witherbee,  and  A.  L  Inman,  the  very  eflScient  Local  Commit- 
tee, for  the  untiring  zeal  with  which  they  have  devoted  themselves  to  the  work 
of  arrangement  for  the  meeting,  and  that  to  the  thanks  of  the  Institute  be  added 
its  congratulations  upon  the  perfect  success  which  has  crowned  their  endeavors. 

On  Friday  morning  an  excursion  was  made  to  the  mines  of  the 
Crown  Point  Iron  Company,  under  the  guidance  of  Mr.  A.  L.  In- 
man, General  Manager,  and  Captain  McDonald,  Superintendent, 
and  also  to  the  ore  separating  works  and  forges  of  the  same  com- 
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pany.  On  returning  to  Crown  Point,  a  number  of  the  members 
availed  themselves  of  the  courtesy  of  the  Delaware  and  Hudson 
Canal  Company,  and  made  an  excursion  to  Montreal,  the  remainder 
returninii-  home. 
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NEW  DETEBMINATIONS  OF  THE  COEFFICIENTS  OF  FBIC- 

TION  OF  LUBBICATED  JOUBNALS,  AND  ON  THE 

LAWS  GOVEBNING  SUCH  FBICTION. 

BY  K.    H.    THURSTON,   A.M.,    C.E.,  HOBOKEN,   N.    J. 

Professor  of  Mechanical  Engineeriug  at  the  Stevens  Institute  of  Technology. 

The  writer  became  convinced,  many  years  ago,  that  the  generally 
accepted  values  of  the  coefficient  of  friction  for  lubricated  surfaces 
were  not  applicable  to  such  heavy  machinery  as  he  had  been  called 
upon,  in  the  course  of  professional  work,  to  design,  to  construct,  and 
to  operate.  Experience  frequently  seemed  to  indicate,  also,  a  wide 
departure,  in  such  cases,  from  the  accepted  "laws  of  friction." 

In  the  year  1869,  or  earlier,  he  invented  an  apparatus  to  redeter- 
mine these  laws  and  these  coefficients  for  a  wide  range  of  tempera- 
tures, pressures  and  velocities.  The  construction  of  the  machine  was 
delayed,  however,  some  time,  and  no  experiments  were  made  for  sev- 
eral years,  when,  finally,  the  construction  of  the  apparatus  was  com- 
menced in  the  workshops  of  the  Stevens  Institute  of  Technology, 
and  exj^eriments  were  begun  in  the  Mechanical  Laboratory  organ- 
ized by  the  writer  in  connection  with  the  Department  of  Engineering. 

These  machines  have  now  been  in  use  about  five  years,  and  have 
furnished  an  immense  amount  of  valuable  information.  Those  now 
in  use  are  of  two  styles:  one  designed  and  built  by  the  Class  of  1877, 
Figs.  1  and  2;  the  other  a  much  larger  machine.  Figs.  3  and  4.  The 
first  has  been  already  frequently  described,*  and  a  working  draw- 
ing of  the  second  has  been  also  published. f  For  convenience,  en- 
gravings of  both  are  herewith  reproduced. 

In  the  "  '77  machine,"  a  journal,  F,  is  made  on  the  overhung 
extremity  of  a  shaft  carried  in  the  two  bearings,  B  B'.  This  journal 
is  grasped  by  brass  boxes  which  are  carried  in  a  pendulum,  H  H. 
They  are  forced  against  the  journal  by  a  screw  which  compresses  a 
coiled  spring  with  a  pressure  which  is  read  off  on  the  scale,  N  31. 
A  weight  at  the  lower  end  of  the  arm,  at  /,  gives  it  the  necessary 
resistance  to  deflection.     The  angle  of  deflection  is  measured  on  the 

*  In  Scientific  American,  Railroad  Gazette,  Jour.   Franit.   Inst.,  Johneon's 
Cyclopaedia,  Knight's  Mechanical  Dictionary,  etc. 
t  Eailroad  Gazette,  Jan.  18lh,  1878,  p.  25. 
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arc,  P  P',  in  pounds  of  frictional  resistance  at  the  surface  of  the 
journal,  i.e.,  in  such  units  that  the  division  of  the  figures  indicated 
by  the  pointer,  at  any  given  angle  of  deflection,  by  the  figure  indi- 
cated by  the  other  pointer  on  N 31,  which  indicates  the  total  pressure 


Fio.  1. 


on  the  journal,  gives  the  coefficient  of  friction.  A  thermometer,  Q, 
gives  the  rise  of  temperature  as  the  bearing  warms  up. 

The  machine  is  fitted  for  a  wide  range  of  pressures,  as  is  seen  on 
the  index-plate,  31  N,  on  the  pendulum,  H  H,  where  the  large 
figures  represent  the  total  pressures  on  the  journal,  and  those  oppo- 
site the  corresponding  pressure  per  square  inch. 

The  speed  of  the  machine,  when  the  belt  is  upon  the  largest  pulley 
of  the  cone,  C,  should  be  that  which  will  give  the  least  speed  of 
rubbing  at  the  surface  of  the  testing  journal,  which  is  to  be  usually 
adopted. 

The  figures  on  arc,  P  P'  traversed  by  the  pointer,  0,  attached  to 
the  pendulum,  are  such  that  the  quotient  of  the  reading  on  the  arc, 
P  P',  by  the  total  pressure  read  from  the  front  of  the  pendulum  at 
31 N,  gives  the  "  coefficient  of  friction,"  i.  e.,  the  proportion  of  that 
pressure  which  measures  the  resistance  due  to  friction. 

A  printed  table  is  furnished  with  each  machine,  giving  these  co- 
efficients for  a  wide  range  of  pressures  and  arc-readings. 

To  determine  the  lubricating  quality,  we  remove  the  pendulum, 
H  H,  from  testing  journal,  G  G' ,  adjust  the  machine  to  run  at  the 
desired  pressure,  by  turning  the  screw-head,  K,  projecting  from  the 
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lower  end  of  the  pendulum,  until  the  index,  M,  above,  shows  the 
right  pressure,  and  adjust  it  to  run  at  the  required  speed  by  placing 
the  belt  on  the  right  pulley,  C. 

We  then  throw  out  the  bearings  by  means  of  the  two  little  cams 
on  the  head  of  the  pendulum,  //,  in  the  small  machine,  or  by  setting 
down  the  brass  nut  immediately  under  tiie  head  in  the  large  machine; 
we  next  carefully  slide  the  pendulum  upon  the  testing  journals,  G  G', 
and  see  that  no  scratching  of  journal  or  brasses  takes  place. 

Then  we  oil  the  journal  through  the  oil-cups  or  the  oil-holes,  set 
the  machine  in  motion,  running  it  a  moment  until  the  oil  is  well  dis- 
tributed over  the  journal. 

We  next  stop  the  machine;  looseu  the  nut  or  the  cams  which  con- 
fine the  spring,  and,  when  it  is  fairly  in  contact  and  bearing  on  the 
lower  brass  with  full  pressure,  turn  the  brass  nut  or  the  cams  fairly 
out  of  contact,  so  that  the  spring  may  not  be  jammed  by  their  shaking 
back  while  working.  The  machine  is  again  started,  and  run  until 
the  behavior  of  the  oil  is  determined,  keeping  up  a  free  feed  through- 
out the  experiment. 

At  intervals  of  one  or  more  minutes,  as  may  prove  most  satisfac- 
tory, we  observe  and  record  the  temperature  given  by  the  thermom- 
eter, Q  Q',  and  the  reading  indicated  on  the  arc,  P',  of  the  machine, 
by  the  pointer,  0.  When  both  readings  have  ceased  to  vary,  the  ex- 
periment may  be  terminated. 

The  pendulum  is  then  removed,  after  relieving  the  pressure  of 
the  spring,  and  the  journal  and  brasses  cleaned  with  exceedingly 
great  care  from  every  sigh  of  grease ;  special  care  is  taken  to  have 
no  particle  of  lint  on  either  surface,  or  any  grease  in  the  oil-cup  or 
oil-passages. 

A  comparison  of  the  results  thus  obtained  with  several  oils  will 
show  their  relative  values  as  reducers  of  friction. 

In  each  case  we  record  in  tables  like  the  blanks,  which  are  sent 
with  the  machine  : 

1.  The  pressure  and  speed  of  rubbing  at  each  trial. 

2.  The  observed  temperature. 

3.  The  readings  of  the  arc  of  the  machine,  i.  e.,  the  frictional 
resistance  in  pounds. 

4.  The  calculated  coefficients  of  friction. 

We  enter  at  the  end  of  the  trial  the  average  and  the  minimum 
coefficients,  and  the  total  distance  rubbed  over  by  the  bearing  sur- 
faces. 

To  determine  the  liability  of  the  oil  to  gum,  we  allow  the  machine 
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to  Stand  with  the  journal  wet  with  oil,  but  with  none  feeding  through 
the  bearing,  for  12  or  24  hours  or  more,  as  may  be  found  necessary; 
then  start  up  and  run  a  few  moments  until  the  reading  on  the  arc, 
P  P' ,  having  fallen  to  a  minimum,  begins  to  rise  again  ;  then  stop 
at  once.  The  minimum  coefficients  thus  obtained  from  the  several 
oils  to  be  examined  are  then  compared  ;  that  which  gives  the  smallest 
figure  will  be  least  liable  to  gum  during  the  period  of  time  given  to 
the  test- 
To  determine  durability,  we  proceed  as  in  determining  the  friction, 
excepting  that  the  lubricant  should  not  be  continuously  supplied,  but 
should  be  fed  to  the  bearing,  a  small  and  definite  portion  at  a  time — 
say  a  drop  for  each  two  inches  length  of  journal.  Extreme  care 
is  taken  that  each  portion  actually  reaches  the  journal  and  is  not  lost, 
either  in  the  oil-hole  or  by  being  wiped  off  the  journal,  and  that  the 
portions  applied  are  exactly  equal. 

When  the  friction,  as  shown  by  the  pointer,  0,  has  passed  a  mini- 
mum and  begins  to  rise,  the  machine  is  carefully  watched,  and 
stopped  either  at  the  instant  that  the  friction  has  reached  double 
the  minimum,  or  when  the  thermometer  indicates  212°  F. ;  or  else 
another  portion  of  the  lubricant  is  then  applied  to  the  journal. 

This  operation  is  repeated  until  the  duration  of  each  trial  be- 
comes nearly  the  same;  an  average  is  then  taken  either  of  the 
time,  of  the  number  of  revolutions,  or  of  the  distance  rubbed  <jver 
by  the  bearing,  which  average  measures  the  durability  of  that 
lubricant. 

We  next  carefully  clean  the  testing-journal  and  proceed  as  before 
with  the  next  oil  to  be  tested. 

In  making  comparisons  we  always  test  the  standard,  as  well  as 
the  competing  oils,  on  the  same  journal,  and  under  precisely  the  same 
conditions. 

An  approximate  value,  by  which  to  compare  the  oils,  can  be  cal- 
culated, based  on  the  assumption  that  they  will  have  a  money-value 
proportionate  to  their  durability  and  to  the  inverse  ratio  of  the  value 
of  the  coefficient  of  friction. 

The  larger  machine  is  built  to  a  scale  about  three  times  as  great 
as  that  of  the  smaller,  just  described,  and  has  a  journal  of  standard 
car-axle  size,  3J  inches  diameter  and  7  inches  long. 

The  speed  is  intended  to  be  adjusted  to  speeds  varying  from  that 
of  a  26-inch  engine  truck  wheel  at  60  miles  an  hour,  down  to  that 
of  a  42-inch  wheel  running  15  miles  an  hour.     The  pressures  are 
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adjustable  from  a  few  pounds  total  pressure  up  to  400  pounds  i)er 
square  inch,  or  a  load  of  nearly  10,000  pounds  on  the  journal. 

Fiij.  3  is  a  side  elevation  of  the  larger  machine,  with  the  journal 
and  pendulum  in  section  ;  and  Fig.  4,  a  front  elevation.  It  consists 
of  a  shaft,  A  B,  which  is  driven  by  a  cone  pulley,  C,  the  whole 
mounted  on  a  cast-iron  stand,  I),  terminating  in  a  forked  end  at  the 
top,  with   two  bearings,  E  and  F,  in   which  the  shaft  runs.     The 


Fig.  4. 


shaft  projects  beyond  the  journal,  F;  and  the  projecting  part,  .4,  is 
provided  with  a  sleeve  or  bushing,  m  m,  the  outside  of  which  forms 
a  journal  on  wiiicli  the  tests  of  oil  are  made.  A  pendulum,  A  G, 
is  suspended  from  this  journal  with  suitable  bearings,  a  a,  which 
work  on  the  journal,  m  m.  A  heavy  weight,  G,  is  attached  to  the 
lower  end  of  the  pendulum.  It  is  evident  that  the  friction  on  the 
journal,  m  ra,  will  have  a  tendency  to  move  the  pendulum  in  the 
direction  of  the  revolution  of  the  shaft,  and  that  the  greater  the 
friction  on  the  journal  the  farther  will  the  pendulum  swing.  A  scale 
or  dial,  HI,  is  attached  to  the  stand,  and  the  distance  the  pendulum 
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swings  may  be  read  off  on  this  scale,  which  thus  indicates  the  co- 
efficient of  friction  of  the  hibricant  on  the  journal.  In  order  to  get 
any  desired  pressure  of  the  bearings  on  the  journal,  the  pendulum  is 
constructed  as  follows  :  A  wrought-iron  pipe,  J,  which  is  represented 
in  Fig.  3  by  solid  black  shading,  is  screwed  into  the  head,  K,  which 
embraces  the  journal  and  holds  the  bearings,  a  a,  in  place.  In 
this  pipe  a  loose  piece,  6,  is  fitted,  which  bears  against  the  under 
journal-bearing,  a/.  Into  the  lower  end  of  the  pipe  a  piece,  c  c,  is 
screwed  with  a  hole  drilled  in  the  centre  through  which  a  rod,/, 
passes,  the  upper  end  of  which  is  screwed  into  a  cap,  d.  Between 
this  cap  and  the  lower  piece,  c  c,  a  spiral  spring,  shown  in  section  in 
Fig.  3,  is  placed. 

The  upper  end  of  the  rod  has  a  caj),  e,  in  which  it  turns,  and 
which  bears  against  the  piece,  6,  which  in  turn  bears  against  the 
bearing,  a'.  If  the  rod  is  turned  with  a  M^ench  applied  to  the 
square  head  at  /,  it  is  obvious  that  the  cap,  d,  will  be  either  drawn 
down  on  the  sjiiral  spring,  which  will  thus  be  compressed,  or  it  will 
be  moved  upward,  and  the  spring  will  thus  be  released,  according 
to  tiie  direction  in  which  the  rod  is  turned.  If  the  spring  is  com- 
pressed, its  lower  end  will  bear  against  the  under  cap  and  on  the 
piece,  cc,  by  which  the  pressure  will  be  transmitted  to  the  pipe,  J, 
and  thence  to  the  head,  K,  and  from  that  on  the  upper  journal- 
bearing,  a;  while  at  the  same  time  the  upper  end  of  the  spring  bears 
against  the  cap,  d,  which,  being  screwed  on  the  rod,/,  transmits  its 
pressure  upward  to  the  cap,  e,  and  from  that  to  the  loose  piece,  b, 
and  from  that  to  the  under  journal-bearing,  a'.  It  will  thus  be  seen 
that  any  desired  pressure,  within  the  limits  of  the  elasticity  of  the 
spiral  spring,  may  be  brought  upon  the  journal  and  bearings  by 
turning  the  rod,/.  The  piece,  b,  has  a  key,  /,  which  passes  through 
it  and  the  pipe,  /.  This  key  bears  against  a  nut,  o,  which  is  screwed 
on  the  pipe,  its  object  being  to  provide  a  ready  means  of  relieving 
the  journal  of  pressure  by  simply  turning  the  nut,  o,  when  it  is  de- 
sired to  do  so.  An  index,  i,  is  attached  to  the  spiral  spring,  so  as 
to  show  the  position  of  the  latter.  The  oil  is  fed  to  the  journal  by 
means  of  oil-cups,  L  L,  on  top  of  the  head,  K,  and  a  thermometer, 
t,  is  attached  between  the  two  cups,  and  from  it  the  rise  in  tempera- 
ture is  observed.  A  strap,  s,  is  attached  to  the  pendulum,  to  pre- 
vent it  from  being  thrown  beyond  the  limits  provided  for  it. 

The  earliest  determinations  published,  were  given  in  the  Poli/- 
technic.  Review,  March  3d,  1877.  Later  results  were  given  in  a 
lecture  before  the  Master  Car-builders'  Association,  in  New  York, 


OF   FRICTION   OF   LUBRICATED   JOURNALS.  127 

Dec.  20th,  1877;*  and  still  later  figures  were  given  the  American 
Railroad  Master  Mechanics'  Association,  at  their  annual  convention 
held  at  Richmond,  in  the  spring  of  1878.t 

In  the  course  of  this  long  series  of  experiments,  extending  over 
several  years,  and  including  work  on  all  standard  lubricating  mate- 
rials, and  under  pressures  varying  from  0  to  1000  pounds  per  square 
inch,  at  speeds  of  rubbing  reaching  1200  feet  per  minute,  and  at  all 
attainable  temperatures,  as  well  as  with  a  great  variety  of  material 
in  journals  and  bearings,  it  was  found  that  instead  of  being  nearly 
constant  in  value,  for  even  free  lubrication,  as  assumed  by  engineers 
and  physicists  generally,  the  coefficient  is  variable  in  a  marked 
degree  by  every  change  of  pressure  and  of  temperature;  that  it  is 
affected  by  velocity-changes,  and  by  the  character  of  the  metals  of 
the  journal  and  its  bearings.  A  new  journal  also  gives  a  coefficient 
which  usually  decreases,  first  rapidly,  then  more  and  more  slowly, 
as  it  wears,  while  heating,  and  especially  "cutting,"  causes  an  im- 
mediate and  great  increase  of  friction. 

Friction  with  Varying  Pressures. — An  attempt  was  finally  made 
to  systematically  determine  the  laws  governing  these  variations  of 
frictional  resistance.  A  smooth  journal,  running  in  well-worn 
bearings,  was  lubricated  with  pure  sperm  oil,  and  the  coefficients 
determined  for  a  wide  range  of  temperature,  pressure,  and  speed  of 
rubbing. 

The  following  table  contains  data  secured  during  one  part  of  this 
investigation. 

Studying  table  A,  we  see  that  the  coefficient  rapidly  diminishes 
with  increase  of  pressure,  until  a  pressure  of  over  .500  pounds  per 
square  inch  is  attained  ;  the  coefficient,  after  passing  a  pressure  of 
probably  600  to  800  pounds  per  square  inch,  increases,  and  at  1000 
pounds,  becomes  about  equal  to  that  obtained  at  100  pounds.  It  will 
be  remembered  that  500  or  GOO  pounds  pressure  is  usually  considered 
to  be  a  limit  not  to  be  exceeded  in  general  practice  in  machine  con- 
struction and  operation. 


*  Railroad  Gazette,  January  18th,  1878,  p.  23. 
f  Railroad  Gazette,  August  2d,  1878,  p.  384. 
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Nevertheless,  it  is  not  uncommon  to  find  as  high  pressure  as  1000, 
or  even  1200  pounds  in  the  crank-piiis  of  steam-engines,  [u.such 
cases,  liowever,  the  pins  are  ahnost  invariably  of  steel,  and  the  jour- 
nals of  good  bronze — conditions  which  are  less  seldom  met  with 
elsewhere.  There  is  also,  in  this  case,  as  wherever  a  "  recijMOcating 
force"  acts  to  move  a  piece,  a  condition  which  permits  higher  pres- 
sures to  be  successfully  worked  than  can  be  reached  elsewhere :  the 
alternate  application  and  relief  of  pressure,  occurring  between  journal 
and  bearing  at  each  change  of  direction  of  the  driving  force,  causes 
a  release  at  such  times,  which  permits  the  oil  to  find  its  way  between 
the  rubbing  surfaces,  and  its  expulsion  is  not  then  fully  effected 
before  the  succeeding  relief  of  pressure  again  permits  its  renewal. 
A  somewhat  similar  action  is  consequent  upon  the  rise  and  fall  of  a 
locomotive,  or  of  a  railroad  car,  in  its  springe,  as  it  rapidly  traverses 
even  a  smooth  track. 

Where,  as  in  our  testing-machine,  under  a  flywheel-shaft,  or  in 
other  machines,  this  relief  cannot  take  place,  the  limit  of  pressure  is 
earlier  met. 

Referring  again  to  the  last  table,  it  is  seen  that  between  100  and 
750  pounds,  the  value  of  the  coefficient  may  be  obtained  approxi- 
mately by  the  expression, 

"^  a 

V? 

in  which  a  is  a  constant  quantity,  and  P  is  the  pressure  in  pounds 
per  square  inch  ;  for  sperm  oil,  a  =  0.100;  for  the  best  crude  heavy 
mineral  oil,  a  =  0.150  ;  and  for  lard  oil,  a  =  0.125.* 

It  will  be  presently  seen  that  the  law  is  modified  by  temperature 
and  speed. 

The  following  data  were  given  by  trials  of  two  excellent  kinds  of 
grease  and  of  sperm  oil  compared  with  them  as  standard  : 


*  Some  of  these  facts  and  deductions  were  published  originally  in  a  paper 
prepared  in  the  spring  of  the  j-ear  1878,  and  read  at  the  St.  Louis  meeting  of 
the  American  Association  for  Advancement  of  Science.  This  paper  includes 
work  done  up  to  that  time,  supplemented  by  the  more  complete  investigations 
since  made.  The  research  is  still  in  progress,  and  determinations  for  other  con- 
ditions will  be  published  when  obtained. 
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Coefficients  of  Friction  of  Greases — Thurston. 
Steel  Journal ;  Bronze  Bearings  ;   Velocity,  300  Jeet  'per  minute. 


LUBKICAXTS. 

Pressures,  Pounds  per  Square  Inch. 

100 

:i00 

300 

400 

500 

Average. 

Sperm  Oil 

Grease,  No.  1 

"    2 

.0141 
.0249 
.0188 

.0063 

.0146 

- .0198 

.0049 
.0125 
.0160 

.0042 
.0105 
.0146 

.0039 
.0114 
.0175 

.0067 
.0140 
.0173 

Their  relative  average  values,  in  reducing  friction,  stand,  there- 
fore: sperm,  100;  No.  1,  44.8;  No.  2,  37.7;  which  figures  would 
also  represent  their  relative  money  values,  if  estimated  on  that  basis 
simply. 

The  method  of  variation  with  pressure,  already  noted,  is  here 
again  illustrated,  although  the  mathematical  expression  has  a  dif- 
ferent set  of  constants,  and  the  variation,  at  this  speed,  is  more 
nearly  as  the  inverse  ratio  of  the  cube  root  of  the  pressure. 

Friction  of  Quiescence. — In  Table  A  is  presented  a  set  of  figures 
which  are  both  new  and  important.  In  the  columns  headed  "At 
150  feet  per  minute,"  are  given  the  coefficients  of  friction  at  the 
several  pressures,  as  given  when  the  rubbing  surfaces  are  ki  motion 
at  that  relative  velocity.  These  are  the  common  and  most  usually 
required  figures.  We  have  given  in  the  other  columns,  however, 
values  which  are  seen  at  a  glance  to  be  immensely  greater,  and  of 
which  the  values  vary  by  an  entirely  different  law.  The  first  set, 
"  At  starting;,"  are  the  well-understood  coefficients  of  friction  of 
rest,  varying  with  the  pressure  and  with  the  nature  of  the  unguent 
from  0.07  to  0.18.  These  values  have,  I  think,  never  been  de- 
termined before  in  this  way,  and  possess  great  importance,  not  sim- 
ply intrinsically,  but  also  as  throwing  some  light  upon  the  effect 
of  motion  upon  the  efficacy  of  lubrication.  It  is  seen  that  they  in- 
crease with  the  pressure,  instead  of  diminishing,  as  do  the  coeffi- 
cients of  friction  of  motion;  and  that,  at  the  highest  pressures,  their 
values  become  from  ten  to  forty  times  the  corresponding  values  of 
the  latter.  It  is  thus  seen  that,  in  the  effort  required  to  move  heavy 
machinery,  vastly  greater  force  is  demanded  to  overcome  friction  at 
the  instant  of  starting,  than  after  motion  has  once  commenced.  I 
presume  that  every  experienced  engineer  or  mechanic  has  known 
instances  in  which  this  difference  has  been  so  marked  as  to  cause 
great  difficulty  in  starting  a  machine,  which,  once  in  motion,  moved 
with  comparative  ease. 
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The  method  of  variation  of  the  coefficient  for  rest,  is  seen  by 
reference  to  the  table,  to  be  such  that  their  numerical  values  may  be 
approximately   estimated,  for  the    cases   here    considered,    by    the 

formula, 

/=0.a'  ^T 

in  which  a'  =  0.02  for  sperm  and  heavy  mineral  oil,  and  a'  =  0.15 
for  lard  oil.* 

The  figures  in  the  columns  headed  "At  stopping,"  were  given 
while  the  machine  was  rapidly  coming  to  a  stop,  after  the  driving- 
belt  had  been  shifted  to  the  loose  pulley.  They  are,  as  would  be 
expected,  intermediate  in  value  between  the  other  figures,  and  have, 
apparently,  no  practical  importance.  They  may  be  taken  as  con- 
stant at  all  pressures. 

Friction  u'ith  Varying  Velocity — Thurston. — Referring  to  the  ac- 
companying Table  B,  in  which  the  effects  of  varying  velocities,  as 
well  as  of  coincident  variation  of  pressure  and  of  temperature,  are 
exhibited,  as  given  by  experiment  in  the  Mechanical  Laboratory  of 
the  Stevens  Institute  of  Technology,  it  is  readily  seen  that  the 
change  in  value  of  the  coefficient  of  friction  with  change  of  velocity 
is  not  great  for  machinery  in  which  that  velocity  remains  within 
usual  limits,  and  at  the  usual  temperature  of  a  cool  and  properly 
working  journal.  The  effect  of  change  of  velocity  varies,  as  is  here 
shown,  with  change  of  temperature  and  of  pressure. 

For  cool  journals  in  good  condition,  lubricated  with  good  sperm 
oil,  and  between  the  limits  of  100  and  1200  feet  per  minute,  these 
values  may  be  taken  as  varying  approximately  as  the  fifth  root  of 
the  speed  of  rubbing,  i.  e., 

At  a  constant  pressure  of,  say,  200  pounds,  we  may  call  a  =  0.0015. 

Friction  ivith  Pressure  and  Velocity  Varying  Simultaneously. — We 
may  now  readily  construct  an  equation  which  shall  give  values  of 
the  coefficient  of  friction  for  good  journals  lubricated  with  sperm 


*  See  paper,  bj'  the  author,  in  Proceedings  of  American  Association  for  Ad- 
vancement of  Science,  St.  Louis  meeting,  1878. 
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oW,  ami  for  all  ordinary  variations  botii  of  pressure  and  velocity, 
since/ 00  v  Fand/oo  "^ P,  we  have  aj^proxiraately, 

in  which  we  may  take  a  =  0.02  to  0.03  for  general  use.* 

The  value  of  a  for  other  conditions,  and  with  other  materials, 
may  be  determined  by  a  comparison,  by  means  of  the  testing  ma- 
chine, of  those  materials  under  the  assumed  conditions,  with  those 
obtained  with  the  standard  oil  under  standard  conditions,  as  here 
given. 

Friction  with  Varying  Pressures,  Speeds,  and  Temperatures. — We 
have  here  some  exceedingly  interesting  data.  The  following  were 
obtained  by  heating  the  bearing  by  its  own  friction  to  a  maximum, 
170°  Fahr.,  well  within  that  liable  to  jiroduce  alterations  of  the  oil, 
and  noting  the  temperatures  while  cooling.  It  should  be  remem- 
bered that  no  temperature-reading  can  be  taken  as  more  than  ap- 
proximate. 

Friction  and  Temperature. — Thurston. 

Steel  Journal;  Bronze  Bearings;  Lubricant,  Sperm   Oil;    Velocity, 
30  feet  per  minute. 


Pressure  per 
square  iuch. 

Tempera- 
ture,  J-'ahr. 

Coefficipnt 
of   frictiou. 

/. 

Pressure  per 
square  iuch. 

Tempera- 
ture,  Fahr. 

Coi^fficient 
of  friction. 

/• 

200 

150 

0.0500 

1.50 

110 

0.00.55 

200 

140 

0.0250 

100 

110 

0.0025 

200 

130 

0.01  GO 

50 

110 

0.0035 

200 

120 

O.OllO 

4 

110 

0.0500 

200 
200 

110 
100 

0.0100 
.  0.0075 

200 

90 

0.0040 

200 

95 

0.0060 

150 

90 

0.0025 

•    200 

90 

0.0056 

ion 

90 

0.0025 

50 

90 

0.0035 

4 

90 

0.0400 

•■ 

The  figures  just  given  would  indicate  that  the  sperm  oil  used  in 
this  instance  and  under  these  conditions,  including  that  of  excep- 


*  See  paper,  by  the  author,  "On  Friction  Measurements,"  etc..  Proceedings- 
of  American  Association  for  Advan'/cment  of  Science,  1878. 
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tionally  Jow  speed,  works  best  at  lowest  temperatures,  and  that  a 
heatiiio;  journal  gives  rapidly  increasing  friction  and  rapidly  increas- 
ing danger.  At  usual  temperatures,  90°  to  110°  Falir.,  the  best 
pressure  seems  to  have  been  from  100  to  150  pounds  on  the  square 
inch. 

It  would,  however,  be  wrong  to  predicate  general  conclusions  on 
such  limited  data,  and  the  study  of  Table  B.  is  exceedingly  interest- 
ing; and  instructive. 

There  are  there  given  coefficients  of  friction  for  temperatures  from 
90°  to  150°  Fahr.,  for  pressures  up  to  200  pounds  per  square  inch, 
and  for  velocities  of  rubbing  up  to  1200  feet  per  minute.  This  table 
is,  in  fact,  a  compendium  of  data  for  all  ordinary  conditions  of  the 
working  of  light  and  of  moderately  heavy  machinery.  We  find 
there  some  exceedingly  valuable  and  very  curious  facts,  bearing 
directly  on  our  every-day  work. 

We  have  seen  that  at  the  low  speed  of  thirty  feet  per  minute,  the 
coefficient  increases  rapidly  with  increase  of  temperature,  and  that 
at  200  pounds  pressure  an  increase  of  50°  Fahr.  may  increase  its 
value  to  nearly  ten  times  the  minimum,  the  rate  of  increase  rapidly 
rising  as  pressures  are  greater. 

We  now  find,  at  speeds  of  100  feet  per  minute,  that  the  friction 
does  not  v^ary  between  90°  and  150°  F.  at  pressures  below  50  pounds 
per  square  inch,  but  that  it  rises  nearly  300  per  cent,  at  a  pressure 
of  200  pounds,  over  100  per  cent,  at  150  pounds,  and  33  per  cent, 
at  100  pounds. 

At  speeds  exceeding  100  feet  per  minute,  heating  the  journal 
within  this  range  of  temperature  decreases  the  resistance  due  to 
friction,  rapidly  at  first,  then  slowly  and  gradually  a  temperature  is 
approached  at  which  increase  takes  place  and  progresses  at  a  ra])idly 
accelerating  rate.  It  is  seen  that  this  change  of  law  takes  place  at  a 
temperature  of  120°  F.  and  upward  ;  at  all  higher  speeds  the  decrease 
continues  until  temperatures  are  attained,  exceeding  those  usually 
permitted  in  machinery,  and  very  commonly  not  far  from  150°  F., 
and  sometimes  up  to  180°,  or  probably  even  higher.  I  have  found 
the  decrease,  at  1200  feet  per  minute,  to  continue  up  to  175°  F.,  at 
which  the  value  at  200  pounds  pressure  was,  in  the  cases  determined, 
0.0050.  The  limit  of  decrease  is  reached,  under  100  pounds  pressure, 
at  150°  F.,  when  running  at  this  high  speed. 

At  200  pounds  pressure  the  temperature  of  minimum  friction,  for 
conditions  here  illustrated,  seems  to  be,  in  Fahrenheit  degrees,  about 

^  =  15  ^Y. 
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On  either  side  this  point  on  the  tliermometric  scale  it  may  be  as- 
sumed, for  a  narrow  range,  to  vary  as  the  temperature  departs  from 
that  point,  directly  or  inversely,  as  the  case  may  be,  as  the  tempera- 
ture. The  fact  is,  however,  that  this  coefficient  of  minimum  friction 
is  found,  usually,  over  quite  a  wide  range  of  temperature. 

Ajrain,  studving  in  this  most  instructive  of  our  tables  the  method 
of  variation  with  pressure  at  higher  temperatures,  we  find  the  effect 
of  change  of  pressure  to  be  much  more  marked  at  the  higher  tem- 
peratures with  low  speeds,  and,  singularly  enough,  as  when  studying 
the  effect  of  variation  of  friction  M'ith  change  of  temperature  at  a 
standard  pressure,  as  affected  by  the  variation  of  speed,  we  here  find 
a  change  of  law  foi-  the  higher  speeds. 

At  a  velocity  of  1200  feet  per  minute  the  coefficient  remains  prac- 
tically uniform,  with  varying  pressure  at  150°  F.,  while  below  that 
temperature  the  friction-coefficient  diminishes  with  increasing  pres- 
sure. At  velocities  of  rubbing  of  250  to  500  feet  per  minute  the 
temperature  of  the  constant  coefficient  is  about  100°;  at  100  feet  this 
peculiar  condition  is  seen  at  about  120°,  when  extreme  pressures  (4 
pounds  and  200)  are  compared,  but  the  value  is  seen  to  be  a  little 
over  one-half  as  much  at  50  and  150  pounds,  and  to  become  a  mini- 
mum— 0.0019 — at  100  pounds  pressure;  a  similar  behavior  is  noted 
at  the  lowest  speed  observed — 30  feet — at  about  125°  F.,  and  the 
same  fall  to  a  minimum  at  the  intermediate  pressure. 

It  Avould  seerj  that,  at  all  times,  there  is  a  tendency  to  acceleration 
of  outflow  from  the  journal,  with  increasing  fluidity  due  to  increasing 
temperature,  which  tends  to  cause  an  increase  of  friction,  while  the 
effort  of  capillarity  to  resist  this  outflow  seems  effectively  aided  by 
increasing  the  velocity  of  rubbing. 

A  balance  between  these  opposite  influences  is  seen  to  take  place 
at  the  slowest  speed,  when  the  pressure  is  somewhere  below  4  pounds 
per  square  inch;  this  occurs  at  a  speed  of  100  feet  per  minute,  at  a 
pressure  of  50  pounds  ;  at  250  feet  when  the  pressure  becomes  about 
150  pounds;  probably  it  happens  at  the  speed  of  500,  at  somewhere 
about  the  same  point;  and  at  1200  feet  per  minute  the  benefit  of  in- 
creased speed  is  sufficient  to  produce  this  balance,  when  the  pressure 
exceeds  200  pounds  per  square  inch. 

These  data  would  seem  to  give  very  useful  information  relating 
to  the  method  of  action  of  lubricating  materials. 

Finally,  it  has  now  become  evident  that  such  a  series  of  compari- 
sons as  I  have  here  made,  are  needed  in  every  case  in  which  the  real 
value  and  the  extent  and  the  conditions  of  application  of  any  single  oil 
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or  Other  unguent  are  to  be  learned.  Such  a  systematic  examination 
reveals  precisely  the  conditions  which  the  lubricant  best  meets,  and 
tells,  with  a  certainty,  at  what  pressure  and  at  wliat  speed  it  does  its 
best  work. 

Conversely,  the  speed,  the  pressure,  and  other  conditions  of  work- 
ing being  known,  a  reference  to  a  set  of  such  determinations  for  va- 
rious lubricants  being  made,  it  is  easy  to  ascertain  at  once  which  is 
best  adapted  to  the  work  in  view. 

Thus,  having  had  occasion  to  determine  the  value  of  the  friction- 
coefficients  of  a  material  having  a  very  high  reputation  as  a  "cylin- 
der-oil"— i.  e.,  an  oil  for  use  in  the  cylinders  of  steam-engines, — it 
was  found  that  its  distinguishing  peculiarity,  as  compared  with  oils 
not  specially  adapted  for  such  purpose,  M'as  a  continually  diminish- 
ing coefficient,  quite  up  to  the  limit  of  temperature  of  locomotive 
steam-pressure. 

Any  new  lubricant  should  always  have  its  true  value  and  best 
adaptations  thus  determined.  I  have  presented  the  figures  for  a 
fine  steel  journal,  running  in  good  bronze  bearings  and  lubricated 
with  sperm  oil,  not  simply  as  an  illustration,  but  principally  as  rep- 
resentative of  the  best  set  of  conditions  for  use  as  a  standard  in 
making  comparisons  of  other  unguents  of  less  value,  or  less  known, 
or  under  less  favorable  ccmditions. 

CONCLUSIONS. 

Studying  the  facts  here  laid  out,  and  the  data  acquired  by  many 
hundreds  of  other  experiments  made  on  one  or  the  other  of  these 
last-described  machines  for  testing  lubricants,  we  may  now  recapitu- 
late facts  and  figures  for  ordinary  use  in  machine-design  and  in 
estimating  losses  of  power  by  friction. 

1.  The  great  cause  of  variation  with  well-cared-for  journals  is 
alteration  of  pressure,  and  it  is  seen  that  the  higher  pressures,  within 
the  range  of  these  experiments,  give  the  lowest  percentages  of  loss 
of  power  by  friction. 

2.  The  value  of  the  coefficient  is  greatly  modified  by  the  state 
of  the  rubbing  surfaces ;  and  the  necessity  of  keeping  journals  in 
perfect  order  cannot  be  too  strongly  insisted  upon.  A  single  scratch 
has  its  effect  in  wasting  power.  A  journal  should  have  its  surface 
as  smooth  and  as  absolutely  uniform  as  a  mirror.  Every  well-kept 
journal  has  such  a  surface. 

3.  For  general  purposes,  the  value  of  the  coefficient  may  be  ob- 
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tained  pretty  closely  by  dividing  0.08  to  0.10  by  the  square-root  of 

the  pressure  in   pounds  per  square  inch, — i.c.,f=    -  ^ — in   which 

case  it  is  given  as  that  fraction  of  the  total  pressure  which  measures 
the  resistance  due  to  friction. 

4.  The  coefficient  for  rest  or  starting  may  similarly  be  taken  as 
about  0.02  the  cube-root  of  the  pressure — i.  e.,f'=z  0.02  x'/yT  — for 
sperm  and  for  crude  mineral  oil  of  good  body,  and  0.015  the  cube- 
root — i.  6,, /' =0.015  >^'^y7  for  lard  oil.  For  closer  estimates,  the 
tables  just  given  can  be  referred  to  directly.  It  would  seem  that 
each  material  has  its  own  coefficient  and  its  own  appropriate  expo- 
nent in  the  expression, /=  c  P\ 

5.  The  coefficient  for  the  instant  of  coming  to  rest,  under  conditions 
such  as  are  here  given,  is  nearly  constant  and  may  be  taken  at  0.03. 

6..  The  resistance  due  to  friction  varies  with  velocitv,  decreasing 
with  increasing  velocity,  rapidly  at  very  low  speeds,  as  from  1  to  10 
feet  per  second,*  and  slowly  as  higher  speeds  are  reached,  until  the 
law  changes,  and  increase,  at  ordinary  temperatures,  takes  ])lace  and 
at  a  very  low  rate  throughout  the  whole  range  of  usual  velocities 
of  rubbing  in  machinery. 

The  value  may  be  taken  for  use  in  machine-design  and  mill-work, 
and  at  a  pressure  of  200  pounds  per  inch,  as/=  0.0015  ^~v. 

7.  With  pressure  and  velocity  varying   we  may  take,  roughly, 

/  =  0.02-^  to  /  =  0.03  ^^. 

8.  That  the  effect  of  heating  journals  under  conditions  here  illus- 
trated is  to  increase  the  friction  in  proportion  to  the  square  of  the 
increase  of  temperature  above,  say,  90°  or  100°  F.,  at  a  speed  as 
low  as  30  to  100  feet  per  minute,  while  at  higher  speeds  the  oppo- 
site effect  is  produced  and  the  coefficient  decreases  more  nearlv  as 
the  square-root  of  the  rise  of  temperature. 

Under  all  conditions  commonly  met  with  by  the  maker  of  machines, 
the  latter  is  the  method  of  change. 

9.  The  temperature  of  minimum  friction,  under  the  conditions  of 
these  experiments,  is  about  ^=:  15  ^  v  for  a  pressure  of  about  200 
pounds  per  square  inch. 

10.  The  endurance  of  any  lubricant  should  be  determined  by 
actually  wearing  it  out  upon  a  good  journal  under  the  pressures  and 
velocities  proposed  for  its  use. 

*  We  deduce  this  conclusion  from  the  experiments  of  Professors  Jenkin, 
Ewing  and  Kimball,  at  speeds  below  any  given  in  this  paper. 
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The  economy  with  whieli  it  can  be  iisecl  will  also  be  dependent 
upon  its  natural  method  and  rate  of  flow,  and  upon  its  capillary 
qualities,  as  well  as  upon  its  intrinsic  wearing-power,  and  the  method 
adopted  in  feeding  it.  Greases,  therefore,  are  usually  more  econom- 
ical than  oil,  even  if  having  a  less  wearing  capacity. 

11.  The  only  method  of  learning  the  true  value  of  a  lubricant 
and  its  applicability  in  the  arts,  is  to  place  it  under  test,  determining 
its  friction-reducing  power  and  its  other  valuable  qualities,  not  only 
at  a  standard  pressure  and  velocity  and  at  ordinary  temperatures, 
but  measuring  its  friction  and  endurances  as  affected  by  changing 
temperature,  speeds  and  pressures  throughout  the  whole  range  of 
usual  practice. 

12.  The  true  value  of  an  oil  to  the  consumer  is  not  proportional 
simply  to  its  friction-reducing  power  and  endurance  under  the  con- 
ditions of  his  work  ;  but  its  value  to  him  is  measured  by  the  differ- 
ence in  value  of  power  expended,  using  different  lubricants,  less  the 
difference  in  total  cost  of  oil  or  grease  used;  but,  for  commercial 
purposes,  no  better  method  of  grading  prices  seems  practicable  than 
that  which  makes  their  market  value  proportional  to  their  endurance 
divided  by  their  coefficients  of  friction. 

The  consumer  will  usually  find  it  economical  to  use  that  lubricant 
which  is  shown  to  be  the  best  for  his  special  case,  without  respect  to 
price,  and  will  often  find  the  real  economy  in  using  the  better  ma- 
terial, sufficient  to  repay  the  excess  in  total  cost  very  many  times 
over.  He  cannot  afford  to  accept  low  grade  unguents,  even  without 
charge. 

13.  To  secure  maximum  economy,  the  journal  should  be  subjected 
to  a  pressure  determinable  by  either  Rankine's  or  Thurston's  for- 
mula ;  the  most  efficient  materials  should  be  chosen  for  the  rubbing 
surfaces;  they  should  be  reduced  to  the  most  perfect  state  of  smooth- 
ness and  perfection  in  form  and  fit ;  a  lubricant  should  be  chosen 
which  is  best  adapted  for  use  under  the  precise  conditions  assumed; 
the  lubricant  should  be  applied  precisely  as  needed,  and  by  a  method 
perfectly  adapted  to  the  special  unguent  chosen. 

The  semifluid  lubricants,  if  equally  good. reducers  of  friction,  are 
usually  most  economical,  in  consequence  of  their  peculiar  self-regu- 
lating flow,  as  the  rubbing  parts  warm  or  cool  while  working. 

Where  heating  is  not  to  be  anticipated,  maximum  economy  is  ob- 
tained by  the  minimum  rate  of  supply  allowable  only  if  that  supply 
be  maintained  with  absolute  uniformity. 

Stevens  Institute  of  Technology, 

HoBOKEN,  N.  J.,  September,  1878. 
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SHAFT  SURVEYING   IN   THE  BROWN  HEMATITE  MINES 
OF  NORTHAMPTON  COUNTY,  PENNSYLVANIA. 

BY    ELLIS   CLARK,  JR.,  GLENDON    IRON    WORKS,    EASTON,  PA. 

The  greater  portion  of  tlie  brown  ore  in  the  vicinity  of  Easton, 
along  the  north  slope  of  the  Lehigh  INIountain  or  Durham  range  of 
hills,  is  obtained  from  mines  instead  of  from  open  cuts  or  quarries, 
as  is  the  case  in  the  ore-beds  in  the  western  part  of  Northampton 
County,  in  Lehigh  County,  and  in  Berks  County. 

Tlie  reasons  for  this  method  of  procedure  are  various,  and  the 
principal  causes  of  the  shaft  and  regular  mine  system  of  workino- 
being  adopted  instead  of  the  open  air  cuts,  are  :  First,  the  large 
amount  of  stripping  that  would  be  necessary,  as  the  richer  and 
more  valuable  portions  of  the  ore  do  not  appear  to  be  found  as  near 
the  surface  as  those  in  other  portions  of  the  Kittatinny  valley; 
second,  the  occurrence  of  the  ore  in  regular  beds,  interstratified  with 
the  clay,  and,  to  a  less  extent,  in  pockets  or  erratic  deposits,  as  is  the 
case  in  the  mines  of  Tjchigh  County;  and  third,  on  account  of  many 
of  the  mines  being  situated  at  the  immediate  base  of  the  Lehigh 
Mountain,  where  the  surface  water  would  be  in  such  large  quantities 
as  to  be  with  difficulty  handled,  and  where  the  subsequent  caving  in 
of  the  sides  of  the  open  cut  would  be  almost  certain  to  expose  the 
gneiss  rock,  which  is  Avater-bearing,  the  large  quantities  of  water 
coming  from  which  would  probably  drown  out  tiie  ore-bed.  Shafts, 
and  a  regular  system  of  gangways  and  mining  are  therefore  required 
by  the  configuration  of  the  surface,  the  depth  of  the  deposits  and 
their  geological  structure. 

The  ordinary  size  of  the  shafts  is  about  four  feet  square,  but  where 
an  extensive  plant  of  pumping  machinery  is  required  the  size  mav 
be  increased  to  eight  feet  by  six,  M'ith  two  compartments  for  the 
hoisting  and  pump-shaft  respectively.  A  man-way,  consisting  of 
ladders  with  rests  at  intervals  of  twenty  or  thirty  feet,  is  comprised 
in  the  purap-sliaft,  the  wire  rope  being  used  for  purposes  of  ascent 
and  descent  only  in  exceptional  cases,  on  account  of  accidents  which 
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have  happened  through  the  breaking  of  the  rope,  and  precipitating 
the  bucket  with  its  occupant  to  the  bottom. 

The  principal  difficulty  in  the  survey  of  these  mines  consists  in 
the  trouble  experienced  in  connecting  the  underground  survey  with 
the  surface  survey,  both  on  account  of  the  small  size  of  the  shafts 
.and  also  the  gradual  movement  of  the  ground  outwards  from  the 
mountain,  which,  in  a  few  months,  may  push  a  shaft  considerably 
out  of  the  perpendicular.  The  depth  of  the  shafts  varies  between 
seventy-five  and  two  hundred  feet,  so  that  a  very  small  movement 
will  suffice  to  throw  them  from  their  perpendicular  position. 

The  method  adopted  by  tiie  writer  in  the  survey  of  these  shafts 
has  been  to  establish  a  line  on  the  surface,  and  by  means  of  a 
straight-edge,  wire,  and  plumb-bob,  project  that  line  to  the  bottom 
of  the  shaft,  where  it  is  recovered  and  continued  a  short  distance, 
depending  on  the  straightness  of  the  gangway  at  the  bottom,  and 
subsequently  used  as  a  base-line  in  the  survey  of  the  mine.  The 
method  of  operation  can,  perhaps,  be  more  readily  understood  l)y  a 
resume  of  a  survey  just  finished  in  what  is  known  as  AVottring's  mine. 

The  general  object  of  these  surveys  is  to  prevent  the  gangways  in 
the  mines  from  infringing  on  the  neighboring  properties,  but  in  the 
case  under  observ'ation  it  was  desired  to  connect  the  workings  al- 
ready made  with  a  shaft  which  was  about  thirty  feet  away  from  the 
face  horizontally,  and  about  fifteen  feet  above  the  gangway  in  a  ver- 
tical direction.     (See  accompanying  map.) 

In  order  to  avoid  inconveniencing  the  operations  in  the-  mines, 
which  are  worked  through  the  day,  the  underground  survey  is  made 
at  night,  and,  in  general,  about  three  hours'  work  above  ground  is 
necessitated  in  connecting  the  surface-lines  of  this  survey  with  the 
surface-lines  of  other  mines,  etc.  This  is  done  on  the  afternoon 
before  the  survey  of  the  mine,  and  the  work  is  timed  so  that  the 
last  sight  which  establishes  the  line  directly  across  the  shaft,  and 
which  is  the  one  upon  which  all  those  underground  are  directly  de- 
pendent, is  made  at  the  time  the  miners  quit  work. 

The  reason  for  this  is  found  in  the  fact  that  the  ground  in  the  im- 
mediate vicinity  of  the  shaft,  and  for  some  little  distance  around,  is 
floored  with  plank,  which  generally  cannot  be  taken  up  without 
considerable  trouble  and  some  expense.  The  two  tacks  which  rep- 
resent the  line  are  placed  in  the  timbering  of  the  shaft,  so  that  the 
straight-edge  can  be  laid  against  them,  and  as  these  planks  are  liable 
to  be  subjected  to  considerable  jarring  by  the  full  or  empty  ore- 
bucket,  and  as  a  change  of  an  eighth  or  even  of  a  sixteenth  of  an 


OF    NORTHAMPTON    COUNTY,    PENNSYLVANIA.  141 


112      SHAFT   SURVEYING   IN   THE    BROWN    HEMATITE    MINES 

inch  in  the  position  of  either  of  the  tacks  would  vitiate,  and  proba- 
bly invalidate  the  whole  survey,  the  greatest  care  must  be  taken 
both  in  selecting  a  position  as  secure  as  possible,  and  subsequently  in 
avoidingany  jars,  which  might  have  the  effect  of  disturbing  either 
of  the  points. 

In  establishing  this  line  on  the  surface  which  is  to  be  continued 
underground,  care  must  be  taken  to  fix  it  in  precisely  the  right  di- 
rection. Many  of  the  shafts  are  more  or  less  twisted,  that  is,  a  pro- 
jection of  the  timbering  at  the  top  would  lie  obliquely  on  those  at 
the  bottom,  and  this  in  itself  would  be  very  apt  to  deceive  in  the 
direction  to  be  given  to  the  line.  The  gangways  at  the  bottom  are 
not  always  square  with  the  shaft,  so  that  it  is  advisable  to  descend  to 
the  bottom  and  sight  upwards  (by  eye)  at  the  straight-edge  laid  across 
the  mouth  of  the  shaft,  which  is  shifted  by  the  assistant  above  to 
give  it  the  proper  direction,  so  that  in  the  subsequent  work  the  transit 
may  be  set  as  far  from  the  shaft  as  possible.  The  line  approxi- 
mately established  is  afterwards  definitely  located  with  the  transit, 
and  the  above-ground  operations  with  the  instrument  are  then  con- 
cluded. 

The  various  tools  required  having  been  forwarded  to  the  mine 
during  the  day,  the  night's  work  is  begun  by  the  engineer  descend- 
ing with  his  .transit  to  the  bottom  in  the  bucket.  This  has  been 
found  to  be  the  only  way  of  keeping  the  instrument  from  being  se- 
verely shaken,  as  when  lowered  by  itself  it  is  rendered  extremely 
liable  to  damage,  no  matter  how  carefully  it  may  be  packed. 

The  assistant  above  then  lowers  the  plumb-bob  by  means  of  a 
reel  and  annealed  iron  wire  of  sufficient  strength  to  hold  the  plumb- 
bob,  which  is  made  of  cast  iron  and  weighs  about  ten  pounds.  Dif- 
ficulty was  experienced  in  finding  the  right  kind  of  string  or  wire 
for  the  suspension  of  the  plumb-bob;  at  first  seagrass  fishing-line 
was  tried,  but  with  the  weight  of  the  plumb-bob  attached  it  took 
almost  an  hour  for  one  hundred  and  fifty  feet  of  it  to  attain  its  equi- 
librium of  tension  and  twist.  The  line  used  stretched  more  than 
ten  per  cent,  of  its  length  under  the  combined  influence  of  the  weight 
and  the  wetting  it  received  from  water  dropping  down  the  shaft. 

Subsequently,  fine  copper  wire,  which  had  been  unwrapped  from  the 
coil  of  a  telegraph  instrument,  was  tried,  but  proved  to  be  too  weak. 
Brass  wire  was  afterwards  tried,  but  with  no  better  results  than  the 
copper  wire,  being  objectionable  on  account  of  the  amount  of  spring 
in  it,  which  would  cause  it,  when  relieved  of  the  weight,  which  hap- 
pened several  times  by  the  breaking  of  the  wire  lower  down  in  the 
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shaft,  to  uncoil  itself  from  the  reel  to  the  extent  of  fifty  to  seventy- 
five  feet,  involving  itself  in  knots  and  tangles  of  the  most  compli- 
cated description. 

Finally,  annealed  iron  wire  was  tried,  and  gave  perfect  satisfaction 
in  every  respect.  The  plumb-bobs  are  attached  to  the  wire  and  low- 
ered, which  tends  to  keep  the  wire  taut,  but  those  below  should  be 
careful  to  stand  well  away  from  the  shaft  at  this  time,  since  should 
the  wire  break  when  the  plumb-bob  is  near  the  top  of  the  shaft,  it 
will  descend  with  sufficient  momentum  to  penetrate  a  two-inch 
plank,  and  should  it  happen  to  strike  the  sides  of  the  shaft  or  the 
other  plumb-l)ob,  it  may  glance  and  fly  out  into  the  gangway. 

The  two  })lumb-bobs  are  received  into  a  large  bucket  filled  with 
water  at  the  bottoni  of  the  shaft,  for  the  purpose  of  stopping  their 
vibrations,  whicii  arise  from  several  causes  :  First,  the  pendulum-like 
motion  they  receive  while  being  lowered ;  second,  the  drippings  of 
water  from  tlie  sides  of  the  shaft  striking  the  wire;  third,  the  in- 
fluence of  air  currents  up  or  down  the  shaft;  and  lastly,  it  is  asserted 
that  the  difference  in  the  earth's  velocity  at  the  surface  and  at  the 
bottom  of  a  shaft  two  hundred  feet  in  depth,  has  the  effect  of  causing 
a  vibration  in  a  pendulum  of  that  length. 

In  some  cases,  the  combined  action  of  these  vibratory  forces  is  so 
great  that  the  motion  is  merely  lessened  and  is  not  entirely  stopped 
by  the  water  in  the  bucket;  in  cases  of  this  kind  mud,  of  which 
there  is  iilways  a  sufficiency  at  the  bottom  of  a  shaft,  is  thrown  into 
the  bucket  until  the  mixture  becomes  of  a  consistency  which  will 
cause  the  vibrations  to  cease.  This  accomplished,  the  distance  be- 
tween the  two  wires  is  measured,  both  at  the  top  and  bottom  ;  if  they 
agree,  it  may  be  assumed  that  the  wires  are  clear,  but  this  should 
be  proved  by  placing  the  lamp  at  the  bottom  successively  on  each 
side  of  the  wires,  and  having  the  assistant  above  sight  down  the 
shaft  along  the  wire;  if  he  can  see  the  lamp  in  every  position,  it  is 
evident  that  the  wire  nowhere  touches  the  side,  but  if  it  is  hidden 
from  view  by  one  of  the  sides  of  the  shaft,  the  wire  must  be  shifted 
until  the  lamp  comes  in  view. 

An  effort  must  now  be  made  to  place  the  wires  at  their  extreme 
distance  apart;  this  is  done  by  shifting  the  wires,  sighting  with  the 
lamps,  and  measuring  alternately  at  the  top  and  bottom. 

The  average  distance  in  fifteen  shafts  surveyed  in  this  manner 
by  the  writer,  has  been  found  to  be  between  eighteen  inches  and 
six  inches;  that  is,  the  plumb-bob  wires  were  never  further  apart 
than   eighteen  inches,  and  never  nearer  together  than   six  inches? 
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this  distance  being  the  base-line  upon  which  the  mine  survey  was 
founded. 

In  the  survey  at  Wottring's  mine  the  distance  was  twelve  inches, 
and  the  wires  were  within  one-half  inch  of  touching  the  opposite 
sides  of  the  shaft. 

The  wires  having  become  stationary  at  the  greatest  distance  they 
can  assume  from  each  other  without  touching  the  sides  of  the  shaft, 
a  temporary  platform  is  built  behind  each  of  them,  on  which  a 
miner's  lamp  is  placed,  trimmed  to  burn  brightly,  and  the  transit  is 
set  up  as  far  as  possible  from  the  wires,  and  lined  in  with  them.  It 
seldom  happens  that  it  can  be  set  up  at  a  much  greater  distance  than 
fifteen  feet;  and  sometimes,  from  the  crookedness  of  the  gangway,  or 
from  a  slight  error  in  the  direction  originally  given  to  the  straight- 
edge, the  distance  will  be  only  ten  feet.  In  these  cases  an  additional 
difficulty  creeps  in,  consisting  in  the  necessary  change  of  focus  of 
the  instrument  for  the  purpose  of  seeing  the  ditferent  wires. 

As  long;  as  the  two  wires  are  seen  throuo-h  the  instrument  the  line 
is  not  correct,  but  when  only  one  wire  is  visible,  the  other  being  con- 
cealed behind  it,  the  instrument  is  in  an  exact  prolongation  of  the 
line  on  the  surface  above,  and  may  now  be  reversed  and  the  work 
continued  as  in  an  ordinary  mine  survey.  The  points  on  the  bottom 
should  be  projected  upwards  into  the  timbers  or  lagging  by  means 
of  a  plumb-bob,  and  there  marked  by  a  "  spud,"  which  consists  of  a 
horseshoe  nail  with  a  hole  crosswise  through  its  head;  this  is  driven 
into  the  timber  and  the  number  of  the  station  marked  in  white 
paint  for  future  convenience. 

After  the  completion  of  the  underground  survey,  the  same  line 
was  run  on  the  surface,  and  the  direction  and  distance  to  the  shaft 
ascertained.  The  course  of  the  gangway  was  changed  so  as  to  point 
towards  the  shaft,  and  extended  for  the  proper  distance;  a  chute 
was  then  driven  perpendicularly  upwards,  with  the  very  satisfactory 
result  of  opening  directly  into  the  bottom  of  the  shaft. 


OF    NORTHAMPTON    COUNTY,    PENNSYLVANIA. 


145 


DISCUSSION. 

Mr.  J.  H.  Harden:  The  method  of  eonneetino;  the  ano-les  of  a 
survey  on  the  surface  with  the  angles  of  a  survey  underground, 
described  by  Mr.  Clark,  is  one  of  the  plans  I  and  others  have  oftea 
used  in  the  coal  mines  of  Pennsylvania,  but  never  with  so  short  a 
a  base-line  as  eighteen  inches. 

The  plan  pursued  differs  but  little  from  that  already  described;  it 
was  as  follows :  A  pair  of  cleats  were  nailed  permanently  within 
the  cribbing  on  which  to  rest  a  straight-edge,  and  they,  together 
with  certain  witness  points  (stations),  distant  from  the  shaft  in  the 
same  line,  were  allowed  to  remain,  both  on  the  surface  and  under- 
ground, as  points  for  future  reference  or  reconstruction  of  the  same 
base-line  in  future  work. 

The  lines  A  B  and  A  B  on  the  sketch  represent  parallel 
lines  on  the  surface 
and  underground, 
their  distance  apart 
being  equal  to  the 
depth  of  the  shaft, 
their  parallelism  be- 
ing adjusted  by 
plumb-lines,  1  1  and 
2  2,  suspended  from 
the  straight-edge;  *" 
their  distance  apart, 
1  2,  being  equal  to 
the  length  of  the 
base-line,  or  width 
of  the  shaft. 

By  this  method  I 
have  extended  a  sur- 
vey  down   a    shaft  *'' 

400  feet  deep  and  3000  feet  from  the  foot,  in  seventeen  stations  or 
angles,  from  a  base-line  9  feet  in  length,  giving  the  line  for  driving 
up  the  pitch  300  feet  to  connect  with  a  slope  already  driven  down 
1100  feet.  This,  I  think,  could  not  be  done  very  accurately  from  a 
base-line  18  inches  long. 

In  the  survey  referred  to  by  Mr.  Clark,  the  two  points  to  be  con- 
nected are  distant  from  each  other  about  125  feet ;  therefore  an 
error  of  y'^th  of  an  inch  in  the  transfer  as  described,  would  make  a 
difference  of  8  inches  in  the  surveys  above  and  below  ground. 

VOL.  VII. — 10 
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EXPEBIMENTS  OK  THE  REMOVAL  OF  C ABB  ON,  SILICON, 

AND  PHOSPHOBUS  FB03I  PIG  IB  ON  BY  ALKALINE 

CABBONATES. 

BY  DR.    THOMAS  M.    DROWN",   LAFAYETTE  COLLEGE,   EASTOK,  PA. 

In  the  course  of  some  experiments  on  the  analysis  of  pig  iron,  I 
heated,  in  a  platinum  crucible,  some  borings  of  a  graphitic  pig  iron 
with  sodium  carbonate.  When  the  crucible  was  at  a  full  red  heat 
and  the  carbonate  was  thoroughly  fused,  I  noticed  a  lively  ebullition 
of  the  mass,  and  an  escape  of  gas,  which  burned  on  the  surface.  On 
investigation  this  gas  proved  to  be  carbonic  oxide,  and  on  examin- 
ing the  borings  in  the  bottom  of  the  crucible  after  an  hour  or  two, 
they  were  found  to  be  perfectly  malleable,  although  unchanged  in 
general  form  and  appearance.  Analysis  showed  that  the  carbon  was 
completely  removed. 

I  then  repeated  the  experiment,  to  ascertain  whether  the  silicon 
and  phosphorus  were  affected,  and  found  that  these  elements  too  were 
largely  removed,  and  could  be  found  in  the  fused  mass  as  alkaline 
silicates  and  phosphates. 

In  order  to  ascertain  whether  the  removal  of  the  silicon  and 
phosphorus  was  merely  a  surface  action  or  whether  the  reaction 
really  extended  into  the  mass  of  the  iron,  I  tried  the  following  ex- 
periments : 

A  number  of  bars  of  pig  iron  were  cast  about  one  foot  long  and 
planed  down  accurately  to  one  inch  section.  These  were  immersed 
in  a  large  wrought-iron  pot  full  of  molten  sodium  carbonate  made  by 
fusing  the  commercial  bicarbonate  of  soda.  Through  the  kindness 
of  Mr.  Frank  Firmstone,  Superintendent  of  the  Glendon  Iron  Works, 
Easton,  I  was  enabled  to  keep  this  pot  at  a  reasonably  constant  high 
temperature  for  a  long  time  in  one  of  the  hot-blast  ovens. 

One  of  the  bars  was  removed  from  the  pot  every  twenty-four  or 
forty-eight  hours,  according  to  the  rapidity  of  the  action,  and  after 
cooling  was  broken  and  the  fracture  examined.  The  change  from 
pig  iron  to  malleable  iron  was  progressively  inwards  and  always  sharp 
and  easily  recognized,  the  rate  of  progression  being  in  a  decreasing 
ratio  with  the  time.     The  temperature  of  the  oven  had  evidently 
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some  influence  on  the  rate  of  progress,  but  a  sufficient  number  of 
experiments  were  not  tried  to  settle  definitely  what  temperature  was 
the  most  favorable.  In  some  cases  the  iron  was  converted  on  the 
surface  to  a  black  oxide,  and  the  oxidation  of  the  iron  once  com- 
menced progressed  at  the  same  rate  as  the  oxidation  of  the  carbon, 
Avhile  in  other  cases  the  carbon  was  removed  to  a  depth  of  j^gth  of 
an  inch  or  more,  while  the  surface  of  the  bar  preserved  the  original 
marks  of  the  planer  without  a  trace  of  oxidation.  I  do  not  know 
what  were  the  conditions  which  determined  the  oxidation  of  the 
iron. 

The  following  analyses  of  the  successive  layers  of  the  bars  sub- 
jected to  this  treatment,  made  under  my  direction  by  Mr.  P.  W. 
Shimer,  then  a  student  in  the  Mining-engineering  Department  of 
Lafayette  College,  show  the  nature  and  progress  of  the  reaction  be- 
tween the  carbon,  silicon,  and  phosphorus  of  the  pig  iron  and  the 
alkaline  carbonate. 

Bar  No.  1  was  immersed  in  the  bath  for  ten  days,  and  the  oxida- 
tion was  noticed  to  have  extended  about  ,^gth  of  an  inch.  After  re- 
moving a  small  layer  of  scale,  two  layers  were  planed  off  about  j'gth 
of  an  inch  thick  each,  and  subjected  to  analysis,  together  with  planings 
from  the  interior  of  the  bar,  and  also  of  a  portion  of  the  same  bar 
which  had  not  been  treated. 

The  following  are  the  results  in  duplicate: 

Original  bar.    First  layer.     Second  layer.     Interior. 


Carbon, 

f  3.576 
13.554 

0.115 
0.101 

0.269 
0.878 

3.587 

Silicon, 

f  1.384 
1 1.375 

0.824 
0.819 

1  059 
1.126 

1.383 
1.370 

Phosphorus, 

r  0.866 

t  0.872 

0.392 
0.494 

0.704 
0.640 

0.912 
0.910 

The  lack  of  close  agreement  in  some  of  these  duplicate  analyses 
is  without  doubt  due  to  the  difficulty  of  getting  average  samples  of 
the  different  layers. 

Bar  Xo.  2  was  identical  in  composition  with  No.  1.  It  was  im- 
mersed seven  days  and  showed  a  slightly  greater  depth  of  conver- 
sion than  No.  1,  without  the  least  oxidation  of  the  iron.  It  was 
planed  in  three  layers  and  the  analyses  resulted  as  follows  : 

First  layer.  Second  layer.  Third  layer.  Interior. 
Carbon,  ....     0.057            0.166            0.942  3.293 

Silicon,    ....     0.574  0.607  1.281  1.362 

Pho.sphorus,    .         .         .     0.015  0.201  0.776  0.911 
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The  first  layer  in  bar  No.  2  corresponds  to  the  layer  of  scale  or 
oxide  in  bar  Xo.  1,  hence  tl>e  lower  percentages  of  carbon,  silicon, 
and  phosphorus  in  the  outside  layer  of  No.  2. 

A  bar  of  white  iron  f  inch  by  1^  inch  was  immersed  in  the  bath 
for  ten  days,  and  on  removal  it  was  found  to  be  sufficiently  malleable 
to  be  forged  hot  to  a  point.  The  analyses  of  this  bar  and  of  the 
original  white  iron* are  as  follows: 

Original  White  Iron.  Outside  layer.  Interior. 

Carbon, 2.199  0.128  0  381 

Silicon, 0.947  0.781  0.919 

Phosphorus, 0.607  0.415  0.522 

The  reaction  with  the  carbon  of  white  iron  is,  as  might  be  expected, 
much  more  enercretic  than  with  grav  iron,  and  the  conversion  to  mal- 
leable  iron  more  c^uickly  effected.  No  determinations  of  sulphur 
W'ere  made,  but  I  think  there  can  be  no  doubt  but  that  it  would 
share  the  .'^arae  fate  as  the  other  elements. 

Aside  from  the  interesting  character  of  this  reaction  of  alkaline 
carbonates  on  the  carbon,  silicon,  and  phosphorus  of  pig  iron,  one 
which  it  seems  to  me  was  hardly  to  have  been  anticipated,  it  is 
further  a  matter  of  interest  and  surprise  that  the  silicic  and  phos- 
phoric acids  in  combination  with  the  alkali  should  be  actually  re- 
moved through  an  appreciable  ma.ss  of  iron.  The  experiments  were 
not  continued  long  enough  to  determine  to  what  depth  the  change 
could  be  carried. 

The  practical  applications  of  this  process  will  readily  suggest  them- 
selves. The  removal  of  the  carbon,  silicon,  and  phosphorus  from 
thin  plates  of  cast  iron  could  be  effected  in  a  short  time,  and  the 
process  becomes  at  once  one  for  the  preparation  of  malleable  cast- 
ings ;  or,  the  converted  product  might,  when  it  had  a  suitable  com- 
position, be  melted  for  steel. 

On  the  completion  of  my  ex])eriments,  I  was  surprised  to  learn 
that  Mr.  A.  K.  Eaton,  now  of  Brooklyn,  N.  Y.,  had  discovered  this 
action  of  alkaline  carbonates  on  pig  iron  many  years  ago,  and  had 
patented  the  process  in  1860.  On  consulting  his  patent  specification 
I  find  that  he  fully  recognized  all  the  reactions  which  I  have  de- 
scribed. His  claim  was  for  a  new  process  of  making  steel.  To 
quote  from  his  patent :  "  The  bars  converted  into  steel  by  this  process 
may  be  worked  directly  under  the  hammer  or  in  rolls,  or  may  be 
melted,  cast  into  ingots,  and  hammered." 
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Although  I  cannot  claim  more  than  having  rediscovered  a  process 
which  I  think  has  been  lost  sight  of,  yet  I  think  the  analytical  re- 
sults given  above,  showing  the  nature  of  the  process,  will  not  be 
without  novelty  to  some  of  the  members  of  the  Institute. 

Lafayettk  College,  Easton,  Pa.,  September,  1873. 

Note. — Since  preparing  this  paper  for  publication,  my  attention 
has  been  called  by  Prof.  G.  J.  Brush,  of  New  Haven,  to  an  article 
by  Ch.  Tissier,  in  the  Technologiste,  of  July,  1857,  page  357  (also  in 
Dingler's  Polytechnisches  Journal,  vol.  cxlvi,  page  118,  and  in' ab- 
stract in  the  American  Journal  of  Science  (2),  xxxi,  p.  120),  giving 
an  account  of  experiments  made  by  him  on  the  action  of  sodium 
carbonate  on  cast  iron.  He  recognized  the  removal  of  carbon  and 
silicon,  and  inferred  that  the  phosphorus  and  sulphur  were  likewise 
removed.  Cast  iron  subjected  to  this  treatment,  he  found  became 
malleable. 

T.  M.  D. 


THE  PliODUCTIOX  OF  CHABCOAL  FOB  IBON  WOBKS. 

BY  JOHN  BIRKHSTBINE,  pine  GROVE  FURNACE,  CUMBERLAND  COUNTY,  PA. 

The  favor  with  which  the  members  of  the  Institute  received  Mr. 
Fernow's  paper  upon  the  use  of  charbon  roux  in  the  manufacture  of 
iron  has  encouraged  me  to  present  this  paper,  in  the  hope  of  having 
the  discu.ssion  upon  the  manufacture  and  use  of  the  oldest  and  un- 
doubtedly the  best  fuel  for  producing  pig  iron  continued. 

Owing  to  the  advances  made  in  employing  anthracite  coal,  bitu- 
minous coal,  or  coke,  or  mixtures  of  them,  we  are  apt  to  forget  how 
much  of  our  present  development  is  due  to  the  pioneers  in  iron  man- 
ufacture and  the  fuel  which  they  employed  in  the  production  of  pig 
iron.  In  Mr.  Swank's  last  compilation  of  the  iron  and  steel  works 
of  the  United  States,  the  furnace  capacity  of  the  country  is  given  as 
5,868,000  tons,  of  which  1,000,000  tons  can  be  made  in  the  264 
charcoal  furnaces.  In  other  words,  over  one-third  of  the  furnaces 
now  in  existence  use  charcoal  for  fuel,  and  produce  more  than  one- 
sixth  of  the  iron  made.  If  to  this  is  added  the  130,000  tons  of 
blooms  and  l)illets  turned  out  by  the  122  forges  and  bloomaries,  the 
importance  of  the  charcoal  industries  will  be  appreciated. 
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In  making  the  comparison  of  the  operation  of  various  charcoal 
furnaces,  the  writer  has  found  difficulty  in  arriving  at  proper  con- 
clusions, owing  to  the  variety  of  bushels  in  use.  They  have  been 
found  to  be  rated  in  capacity  from  about  2480  to  2748  cubic  inches, 
and  in  weight  from  18  to  22.5  pounds  ;  two  furnaces  in  one  neigh- 
borhood have  been  noted  where  the  standards  were  respectively  the 
two  extremes  of  weight  mentioned,  although  the  timber  used  was  of 
approximately  the  same  varieties  and  proportions. 

It  has  therefore  been  necessary  to  reduce  the  fuel  consumed  per 
ton  of  iron  to  cords  of  wood,  as  a  cord  seems  to  represent  a  fixed 
quantity  in  all  districts  (except  so  far  as  the  ingenuity  displayed  in 
piling  by  some  woodchoppers  affects  its  interstitial  spaces).  The 
records  of  fifty  charcoal  furnaces  show  an  average  consumption  of 
138  bushels  per  ton  of  pig  iron,  and  a  yield  of  35  bushels  per  cord 
of  wood  would  represent  the  consumption  of  four  cords  of  wood  per 
ton  of  pig  iron. 

An  allowance  of  four  cords  of  wood  per  ton  of  pig  iron  produced 
is  probably  too  low  for  a  general  estimate,  but  taken  upon  that  basis 
the  charcoal  blast  furnaces  of  the  United  States  have  ^  capacity  for 
consuming  annually  4,000,000  cords,  and  fully  400,000  more  are 
employed  in  the  forges  and  bloomaries. 

Making  allowance  for  fires,  the  average  growth  of  timber  in  the 
vicinity  of  the  iron  works  will  not  exceed  one  cord  per  acre  per  annum. 
Therefore,  to  supply  these  furnaces,  forges,  and  bloomaries  will  ne- 
cessitate the  denudation  each  year  of  147,000  acres,  or  230  square 
miles,  of  thirty -year  timber.  And  yet  this  large  quantity  represents 
but  a  fraction  of  the  woodland  which  yearly  falls  before  the  axe. 

It  is  not  the  purpose  of  this  paper  to  discuss  the  climatic  effects 
of  this  extensive  clearing  of  lands,  nor  to  consider  its  influence  upon 
the  water-powers  of  the  country,  for  this  more  properly  belongs  to 
the  sadly  neglected  department  of  forestry,  which  might  well  be 
studied  by  all  metallurgists  using  charcoal  for  fuel. 

Although  we  are  credited  with  being  in  the  steel  age,  the  pro- 
duction of  charcoal  iron  is  not  a  manufacture  of  the  past,  nor  is  it 
likely  to  be  abandoned  in  the  very  near  future,  and  a  discussion 
which  will  lead  to  more  economical  production  of  this  fuel  will  be 
of  value  to  many  metallurgical  industries. 

Probably  more  than  eighty  per  cent,  of  all  the  charcoal  consumed 
in  this  country  is  produced  in  heaps  or  meilers,  in  the  same  manner 
that  our  grandfathers  manufactured  it.  The  mere  fact  of  following 
in  a  path  beaten  by  our  ancestors  is  no  condemnation  of  a  process ; 
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but  it  is  well  known  that  in  this  case  the  means  employed  give  but  a 
small  percentage  of  the  possible  product.  Kilns  have  been  employed 
at  a  number  of  furnaces,  but  although  the  yield  has  been  increased, 
the  additional  expense  of  hauling  wood  in  place  of  charcoal  has  been 
offset  against  their  advantageous  employment,  and  except  where  water 
communication  can  be  had  their  employment  is  the  exception  rather 
than  the  rule.  Retorts  have  been  used  to  a  limited  extent,  but  have 
been  subject  to  similar  objections, 

A  general  impression  exists  among  furnacemen  and  forgemen  that 
charcoal  made  in  any  other  way  than  in  meilers  is  of  inferior  quality. 
There  seems  to  be  no  good  reason  for  this,  for  the  carbonization  in 
retorts  and  in  moderate-sized  kilns  should  be  under  even  better  con- 
trol than  in  the  meilers. 

One  cause  of  inferiority  in  charcoal  made  in  retorts  may  arise  from 
the  possibility  of  carbonizing  rapidly,  for  the  valuable  researches  of 
Karsten  and  Violette,  although  controverted  by  Dromart,  leave  the 
balance  of  proof  in  favor  of  slow  charring,. both  for  quantity  and 
quality  of  product. 

It  is  probable,  too,  that  Yiolette's  comparative  experiments  upon 
charring  wood  under  variable  pressures  have  not  been  favorable  to 
the  employment  of  closed  vessels;  but  the  results  are  not  fair  indices, 
for  the  experiments  M'cre  made  in  hermetically  sealed  tubes,  the  pres- 
sure upon  which  was  at  times  sufficient  to  cause  their  rupture,  while 
in  practice  retorts  would  work  under  but  slight  pressure. 

The  assertion  made  by  Percy  that  "  charring  in  retorts  heated  ex- 
ternally is  not  specially  within  the  province  of  the  metallurgist," 
which  precedes  his  elaborate  description  of  all  other  methods  of  car- 
bonizing wood,  may,  on  account  of  the  standard  of  authority,  have 
discouraged  experiments  in  the  use  of  closed  vessels. 

By  properly  regulating  the  heat  applied  to  a  retort  the  carboniza- 
tion of  the  wood  it  contains  may  be  either  rapid  or  slow,  as  is  de- 
sired to  give  the  best  results  as  to  product.  And  since  so  much  of  the 
wood  in  a  meiler  is  consumed  in  carbonizing  the  rest,  that  the  ordi- 
nary yield  of  charcoal  is  less  than  twenty  per  cent,  of  the  weight  of 
the  wood  in  the  heap,  and  since  this  percentage  of  yield  can  be  doubled 
in  retorts,  and  the  otherwise  waste  by-products  utilized,  it  would  seem 
that  the  employment  of  closed  vessels  would  be  the  process  of  the 
future. 

The  varying  success  heretofore  attending  the  use  of  retorts  at  iron 
works  may  influence  their  employment  in  different  localities  accord- 
ing to  the  results  attained.     That  the  quality  of  charcoal  made  and 


152         THE    PKODUCTION    OF    CHARCOAL    FOR    IRON    AVORKS. 

the  rate  of  carbonization  will  be  under  more  complete  control  when 
a  small  amount  of  wood  is  treated  in  a  closed  vessel  than  when  a 
larger  quantity  is  prepared  in  an  open  pile,  may  be  fairly  admitted. 

One  objection  to  the  use  of  retorts,  and  a  very  strong  one,  is  the 
expense  of  constructing  and  maintaining  the  necessary  plant,  but  it 
would  seem  that  the  products  of  distillation  would  more  than  com- 
pensate for  the  interest  on  tlie  investment  and  deterioration  of  the 
plant.  The  number  of  acetates  used  in  commerce  and  the  large 
quantities  of  them  employed  in  our  varied  industries,  would  encour- 
age faith  in  the  continuance  of  a  good  market  for  any  material 
manufactured  from  the  distillation  of  wood,  and  the  increased  yield 
from  the  same  acreage  would  augment  the  value  of  the  timber- 
lands  available  for  charcoal  jjroduction. 

The  crude  pyroligncous  acid  is  one  of  the  best  preservative 
agents,  and  is  largely  employed  in  preserving  meats,  vegetables, 
timber,  etc.  The  wood  spirit  is  utilized  in  fixing  colors,  dissolving 
varnish,  etc.  The  various  acetates  are  largely  employed  in  calico 
printing,  dyeing,  and  the  manufacture  of  dyes  and  colors,  and  they 
are,  also,  to  a  greater  or  less  degree,  disinfectants. 

The  local  demand  for  the  different  acetates,  or  the  production  of 
certain  metals  in  the  vicinity  of  the  charcoal  industry,  may  infiuence 
the  character  of  the  product.  Thus  it  would  appear  that  the  Missouri 
charcoal  furnaces  might  be  able  to  cheaply  manufacture  sugar  of 
lead,  and  that  in  the  Lake  Superior  copper  region  verdigris  or  Paris 
green  could  be  economically  produced. 

Being  desirous  of  obtaining  information  concerning  the  possible 
yield  of  by-products,  inquiries  have  been  made  of  various  parties 
conversant  with  the  subject,  with  a  view  of  determining  the  yield 
and  commercial  value  of  the  various  acetates. 

The  following  data  were  furnished  by  M.  Antoine  Mathieu,  a 
French  chemist  and  expert  in  wood  distillation,  and  are  given  on  his 
authority.  One  cord  of  oak  wood  will  yield  in  retorts  70  bushels 
of  charcoal  of  2561  cubic  inches,  and  225  gallons  of  pyroligncous 
acid,  also  |  to  |  gallon  of  wood  spirit  and  25  to  30  gallons  of  tar. 

The  present  prices  in  Philadelphia  are  about  as  follows:  Pyrolig- 
ncous acid,  2|  cents  per  gallon ;  wood  spirit,  75  cents  per  gallon ; 
tar,  8  cents  per  gallon. 

The  pyroligncous  acid  can  by  a  simple  process  be  transformed 
into  acetate  of  iron,  by  using  about  40  pounds  of  iron  filings,  chip- ' 
pings,  or  detinned  scrap;  the  acid  from  one  cord  of  wood  will  yield 
about  220  gallons  of  acetate  of  iron,  the  present  market  value  of 
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• 

which  is  11  cents;  or  by  treating  40  pounds  of  quicklime  with  the 
pyroligneous  acid  from  one  cord  of  wood,  200  pounds  of  acetate  of 
lime  can  be  obtained,  the  commercial  value  of  which  at  present  is  4 
cents  per  pound;  or  the  resulting  pyroligneous  acid  from  one  cord  of 
wood  may  be  made  into  350  pounds  of  acetic  acid  worth  at  present 
5  cents  per  pound.  By  submitting  175  pounds  of  lead  made  into 
litharge  to  the  action  of  the  pyroligneous  acid  from  one  cord  of 
wood  after  it  has  passed  through  one  distillation,  300  pounds  of 
brown  sugar  of  lead  can  be  obtained,  the  quotations  of  which  are 
at  present  7  and  7^  cents  per  pound.  If  a  portion  of  this  crude 
acetate  of  lead  be  refined,  a  product  of  white  sugar  of  lead  valued  at 
19  cents  per  pound  is  obtained;  or  by  similar  action  upon  80 
pounds  of  copper  200  pounds  of  acetate  of  copper  can  be  produced, 
worth  at  this  time  27  cents  per  pound.  Another  valuable  commer- 
cial product  is  the  acetate  of  alumina,  which  can  be  produced  from 
brown  sugar  of  lead  or  acetate  of  lime  and  alum,  or  with  acetic 
acid  and  clay.     Wood  vinegar  can  also  be  produced. 

The  above  quantities  and  prices  will  permit  of  a  considerable 
reduction,  and  yet  show  that  a  large  amount  may  be  expended  in 
apparatus  for  producing  some  of  the  above  products. 

With  the  exception  of  Marcus  Bull's  monograph,  read  before  the 
American  Philosophical  Society  in  1829,  most  of  the  data  we  pos- 
sess in  reference  to  the  yield  of  different  woods,  their  calorific 
powers,  etc.,  are  gleaned  from  foreign  publications,  mainly  French, 
German,  and  Swedish,  and  the  writer  is  not  aware  of  any  compara- 
tive experiments  in  the  manufacture  of  charcoal  in  round  mcilers, 
rectangular  piles,  kilns,  retorts,  etc.,  made  in  this  country. 

Out  of  100  parts  of  wood  placed  in  a  meiler,  say  20  parts  are 
made  into  charcoal,  50  pax'ts  are  burned  to  carbonize  the  20  parts, 
or  are  carried  away  as  acetic  vapors ;  and  30  per  cent,  is  hygro- 
scopic water  and  uncondensable  gases. 

With  such  a  waste,  amounting  to  50  per  cent,  of  the  wood,  surely 
the  subject  of  increasing  the  yield  of  charcoal  and  collecting  the 
products  of  distillation  is  worthy  of  attention. 

Is  not  the  item  of  hauling  the  wood  estimated  unnecessarily 
high?  The  problem  is  generally  stated  thus:  if  wood  is  coaled  in 
meilers  in  the  woods  the  charcoal  only  is  hauled,  but  if  the  wood  is 
hauled  to  the  kilns  or  retorts  at  the  furnace  five  times  the  weight 
must  be  handled.  This  does  not  make  any  allowance  for  increase 
of  yield  in  the  latter  methods.  If  retorts  double  the  yield  the  item 
of  hauling  would  be  as  2 J  to  1,  and  not  as  5  to  1. 
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But  why  should  not  the  retorts  be  used  in  the  woods?  There 
are  numerous  steam  saw-mills  throngliout  the  country  which  are 
being  constantly  moved  from  place  to  place,  and  it  is  found  to  be 
economical  work  if  but  a  few  acres  are  to  be  cut.  With  the  conve- 
niences of  special  shapes  in  wrought  iron,  a  semi-portable  arrange- 
ment of  retorts  could  be  made,  and  it  is  probable  that  they  would 
need  to  be  moved  but  once  a  year.  There  are  many  tracts  of  wood- 
land where  such  an  apparatus  could  be  set  near  to  a  stream,  and 
the  wood  from  100  acres  brought  to  it  by  sledges,  with  a  maximum 
haul  of  say  1500  feet,  and  the  charcoal  delivered  to  the  furnace  or 
forge  in  wagons  or  shipped  in  bags  on  cars. 

It  is  hardly  fair  to  assume  that  charcoal  cannot  be  transported  by 
rail  economically  when  less  of  it  is  required  than  of  coke  to  make  a 
ton  of  pig  iron,  while  the  latter  is  carried  hundreds  of  miles. 

The  use  of  retorts  for  carbonizing  wood  is  not  new  to  us,  but  the 
records  of  failures  are  rather  in  excess  of  the  successes ;  yet  from 
these  failures  will  surely  be  developed  a  practical  economical 
method  of  carbonizing  wood,  and  utilizing  the  now  waste  products. 

Although  full  information  in  reference  to  the  results  attained  is 
not  at  hand,  I  am  led  to  the  belief  that  failures  may  be  attributed 
to  the  following  causes  : 

1st.  Deterioration  of  product,  either  by  too  rapid  charring,  or  by 
unequal  charring,  owing  to  the  arrangement  of  applying  the  heat; 
or  to  the  fact  of  operating  the  retorts  so  as  to  give  the  best  results 
in  by-products  to  the  detriment  of  the  charcoal. 

2d.  Operating  an  apparatus,  the  success  of  which  depends  upon 
chemical  combinations,  w'ithout  a  knowledge  of  chemistry. 

3d.  Constructing  the  apparatus  rather  to  save  money  in  the  plant 
than  to  reduce  the  expense  of  manufacture. 

It  surely  does  not  appear  too  much  to  expect  that  the  problem 
of  making  good  charcoal  upon  an  economical  basis  for  metallurgi- 
cal processes,  and  utilizing  the  valuaiile  by-products  may  be  practi- 
cally demonstrated. 

The  immense  waste  by  the  present  mode  of  carbonizing  wood 
generally  employed  seems  the  more  unnecessary,  when  we  remember 
that  wood  is  carried  at  heavy  expense  to  our  cities,  to  be  subjected 
to  destructive  distillation  in  chemical  works  or  textile  fabric  manu- 
factories for  the  purpose  of  utilizing  the  acetic  vapors. 

These  notes  have  been  made  with  reference  to  the  production  of 
black  charcoal  as  generally  used,  without  considering  the  economy 
of  using  semi-charred  or  kiln-dried  wood. 
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DISCUSSION. 

Dr.  Egleston  :  I  think  tliat  in  the  burning  of  charcoal  on  a  large 
scale  for  metalhirgical  uses,  the  manufacture  of  pyrol igneous  acids  and 
the  acetates  is  a  step  in  the  wrong  direction.  Experiment,  in  a  great 
many  of  the  best  works,  has  proved  that  either  the  wood  must  be 
be  distilled  for  the  manufacture  of  these  products,  and  the  charcoal 
be  a  by-product,  or  else  if  charcoal  is  manufactured  it  costs  more  to 
save  the  acetates,  etc.,  than  they  are  worth  in  ordinary  times.  It  is 
practicable  to  make  good  charcoal  and  at  the  same  time  make  the 
acetates,  but  in  that  case  it  has  generally  been  found  that  the  char- 
coal costs  too  much  ;  and  as  the  manufacture  of  good  charcoal  and 
acetates,  at  the  same  time  is  not  generally  advisable  although  quite 
possible,  the  collection  of  the  products  of  distillation  in  the  manu- 
facture of  charcoal  on  a  large  scale  for  metallurgical  uses  has  gen- 
erally been  abandoned.  This  may  be  owing  partly  to  the  fact,  that 
the  chemicals  are  generally  made  in  some  kind  of  furnace,  and  that 
until  within  comparatively  a  few  years,  kilns  and  furnaces  of  all 
kinds  for  the  manufacture  of  charcoal  have  been  looked  upon  with 
very  great  suspicion.  It  is  not  many  years  since  there  was  an  almost 
universally  received  opinion  amongst  iron  manufacturers,  that  char- 
coal made  in  kilns  did  not  give  so  great  a  yield,  and  that  the  product 
had  a  low  calorific  power.  This  was  an  opinion  brought  from  Europe 
as  the  result  of  long  experience  there,  and  seemed  to  be  well  founded  ; 
as  a  furnace  for  charcoal  manufacture  must  be  in  some  permanent 
position,  while  the  wood  necessarily  never  can  be,  but  must  be 
transported.  As  all  wood  contains  a  large  amount  of  water,  the 
best  at  least,  20  per  cent.,  one-fifth  of  the  material  had  to  be  trans- 
ported to  no  purpose.  Little  by  little,  however,  this  opinion  has 
been  abandoned,  and  the  larger  part  of  the  charcoal  manufacture  in 
the  United  States  is  now  made  in  kilns  of  a  great  variety  of  con- 
struction, and  considerable  variety  in  yield.  I  hope  in  the  course 
of  a  few  months  to  present  to  the  Institute  a  paper  which  I  have 
been  for  some  time  preparing,  showing  the  different  styles,  yield, 
and  cost  of  the  manufacture  of  charcoal  in  different  States  of  the 
Union.  It  was  at  first  thought  that  the  larger  the  kiln  the  better. 
We  are  now,  however^  gradually  giving  up  this  opinion,  and  find 
that  the  best  yield  comes  from  kilns  which  contain  only  about 
seventy-five  cords  of  wood. 

When  the  products  of  dl.-^tillation  are  to  be  collected,  retorts  are 
generally  used  for  carbonizing  the  wood,  but  kilns  and  piles  have 
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been  used  in  Europe;  and  it  is  their  experience  imported  into  this 
country  which  has  resulted  in  the  opinion  which  I  have  cited. 

There  has  been  in  times  past  great  profit  in  mailing  acetic  acid, 
acetate  of  lime,  and  other  products  of  that  kind,  but  the  profits  of 
these  works  and  their  number  have  been  steadily  diminishing  for  a 
number  of  years  past.  The  process  of  collecting,  separating,  and 
condensing  the  products  of  distillation  is  so  complicated,  and  re- 
quires on  the  part  of  the  workmen  such  a  different  training  and 
judgment  from  that  required  to  make  cliarcoal  only,  that  there  must 
generally  be  a  sacrifice  of  one  or  the  other  of  the  products  to  insure 
success,  for  the  conditions  of  producing  the  greatest  amount  of  ace- 
tates, are  not  those  for  producing  either  the  best  or  the  greatest 
amount  of  charcoal. 

The  almost  uniform  results  of  the  chemico-charcoal  factories  has 
been  that  either  one  or  the  other  of  the  products  has  been  a  by- 
pr6duct,  not  that  the  charcoal  was  not  good,  but  it  was  sold  at  a 
low  price  because  it  was  not  the  princi])al  object  of  the  manufac- 
ture. I  have  undersood  that  there  are  blast  furnaces  using  the 
charcoal  from  such  distillation,  but  the  chief  reason  of  its  use 
was  that  it  was  cheap,  because,  in  order  to  get  the  diflFerent  chemical 
products  in  greatest  amount,  the  conditions  are  not  favorable  to  the 
manufacture  of  large  quantities  of  good  metallurgical  fuel.  If, 
however,  there  is  a  demand  for  the  charcoal,  then  the  chemical 
products  may  become  by-products,  and  can  be  manufactured  of  a 
poorer  quality  or  in  less  quantity.  If,  again,  the  chemical  pro- 
ducts are  to  be  the  principal,  then  the  charcoal  may  become  inci- 
dental, and  in  certain  places  where  factories  of  this  kind  have  been 
established  with  the  object  of  producing  an  excellent  acetic  acid, 
they  have  found  it  more  profitable  not  to  carry  the  distillation  so 
far  as  to  make  charcoal,  but  to  manufacture  a  torrefied  material 
which  is  sold  for  kindling  wood. 

In  order  to  get  the  greatest  yield  of  chemical  products  it  is  desir- 
able to  cut  the  wood  up  in  such  small  pieces  that  it  is  unfit  for  metal- 
lurgical uses,  and  to  prevent  the  process  being  carried  so  far  as  to 
make  charcoal,  it  is  conducted  with  such  care,  that  the  men  are 
compelled  to  deluge  the  retorts  Avith  water  when  the  charcoal  pro- 
duct begins  to  form. 

These  manufactories  are  usually,  though  not  always,  situated  near 
large  cities.  The  constant  danger  from  burning  makes  them  a  nuis- 
ance, and  has,  in  several  instances  that  I  know  of,  forced  the  manu- 
facturers to  remove  to  districts  and  centres  less  populated. 
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I  tliink  that  exjierience  has  shown  tliat  the  two  manufactures 
cannot  be  carried  on  sinudtaneously  without  sacrificing  one  to  the 
other,  and  hence  very  few  of  the  charcoal-burners  of  this  country, 
who  make  charcoal  for  metalhirgical  uses,  collect  the  products  of 
distillation.  All  the  chemical  manufactories  make  a  product  which 
is  eitiier  charcoal  or  is  allied  to  it,  which  is  sold  as  a  by-product ;  but 
the  higher  the  grade  of  chemicals  they  manufacture,  the  less  valuable 
the  charcoal ;  and  the  more  valuable  the  charcoal,  the  more  impure 
the  chemical  products.  I  have  heard  of  several  works,  where  the 
attempt  to  pay  equal  attention  to  both  products,  in  order  to  produce 
a  high  grade  of  both,  has  resulted  disastrously.  I  am  informed  that 
the  proprietors  of  the  establishment  which  makes  the  purest  acetic 
acid  finds  it  for  their  interest  not  only  not  to  produce  charcoal  at  all, 
but  also  to  take  si)ecial  precautions  against  it.  A  simple  inspection 
of  the  complicated  apparatus  necessary  to  condense  and  separate  the 
volatile  products,  would,  I  think,  convince  almost  any  capitalist 
who  wished  to  manufacture  charcoal,  that  except  in  unusual  cases, 
his  interest  was  to  look  for  the  best  quality  of  charcoal ;  and  tlie 
chemist  that  his  was  to  get  pure  chemicals,  and  in  both  cases  to  let 
the  intermediate  products  be  minor  considerations. 

Mr.  Fernoav  :  The  discussion  of  the  theories  of  charcoal-burning 
and  descriptions  of  processes  based  thereon  (and  there  exist  by-the- 
bye,  about  half  a  dozen  more,  and  these  essentially  diiferent  from 
those  mentioned  here  this  evening),  was  carried  on  in  the  technical 
journals  of  Germany  and  France,  during  a  period  from  1836  to  1860. 
The  subject  was  then  dropped,  presumably  on  account  of  the  high 
price  of  wood  in  those  countries  which  made  the  charcoal  iron  manu- 
facture recede  to  insignificance,  and  with  it  the  interest  in  this  ques- 
tion. What  wa.s  needed  to  settle  the  relative  merits  of  the  different 
methods  was  simply  practical  trial  by  competent  men ;  of  opinions 
there  had  been  a  surfeit. 

About  sixteen  years  ago  the  Swedish  Government  offered  a  prize 
for  a  good  handbook  for  charcoal-burners.  The  first  four  compete 
itors  failed  entirely  in  their  attempts,  nor  did  a  second  offer,  for  which 
there  were  seven  competitors,  meet  with  much  better  success.  The 
prize  was,  however,  divided  between  two  authors,  and  their  manu- 
scripts were  given  to  a  third  to  compile  the  book.  I  have  seen  this 
book,  and  it  is  not  much  better  than  I  could  have  written  myself. 
The  movable  retorts  mentioned  by  Mr.  Birkinbine  were  used  some 
twenty  years  ago  by  Count  Von  Reichenbach,  at  Hradau  in  Bohemia, 
with  success.     The  enterprise  failed,  however,  because  the  cheap  ace- 
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tates  manufactured  did  not  pay  the  transportation  to  the  distant  rail- 
road in  those  times. 

Mr.  Birkinbixe:  The  "other  processes"  referred  to  by  Mr. 
Fernow  are  not  essentially  different  from  those  mentioned,  for  they 
all  come  under  the  three  classes  of  meilers,  kilns,  or  retorts.  Cha- 
beaussiere's  process  is  merely  a  kiln  excavated  in,  instead  of  being 
built  upon  the  ground;  and  the  same  may  be  said  of  the  Chinese 
sunken  pits  described  by  Percy.  The  shroud  or  abri  is  but  a  mov- 
able covering  for  a  nieiler.  But  there  are  numerous  modifications 
of  the  various  classes  in  use  in  different  localities. 

I  would  refresh  Mr.  Fernow's  memory  by  recalling  the  fact,  that 
the  charcoal-burner's  handbook  as  prepared  by  Svedelius,  is  de- 
voted entirely  to  the  consideration  of  manufacturing  charcoal  in 
meilers,  and  only  in  appendices  is  mention  made  of  kilns  or  retorts. 
Of  the  latter  no  data  at  all  are  given. 

Prof  Egleston's  statement,  that  the  larger  part  of  the  charcoal 
made  in  the  United  States  is  produced  in  kilns,  does  not  agree  with 
investigations  which  I  have  made,  and  I  believe  considerably  the 
greater  portion  is  obtained  from  the  more  wasteful  meiler  charring. 

Admitting  the  force  of  his  remarks  in  reo^ard  to  the  simultaneous 
product  of  charcoal  and  acetates,  it  seems  to  be  against  our  progres- 
sive natures,  to  condemn  a  process  because  it  has  been  imperfectly 
carried  out.  To  produce  charcoal  for  metallurgical  purposes,  the 
acetates  should  certainly  be  made  "  by-products,"  as  was  mentioned 
in  the  paper.  But  to  collect  these  by-products,  and  utilize  them 
economically,  demands  the  attention  of  an  expert  in  wood  distillation. 

Had  the  same  amount  of  study  been  given  to  charcoal  production 
in  proportion  to  the  quantity  consumed,  as  has  been  devoted  to  the 
getting  of  mineral  fuel,  I  am  convinced  that  some  practical  method 
would  have  before  this  been  found,  with  all  the  advantages  of  cheap 
charcoal,  good  yield,  and  collection  of  acetic  vapors. 
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THE  BUTLEB  MINE  FIRE  CUT-OFF. 

BY  HENRY  S.  DRINKER,  E.  M  ,  PHILADELPHIA. 

The  Butler  Mine  property  is  situated  in  the  vicinity  of  Pittston, 
in  the  Wyoming  coal-field  of  Pennsylvania.  The  coal  has  been 
■worked  out  from  the  fourteen-foot  or  Baltimore  vein  for  a  number 
of  years  on  part  of  the  tract,  the  old  chambers  remaining  open  as 
when  originally  abandoned.  This  vein  outcrops  on  the  Butler  prop- 
erty, and  is  nowhere  more  than  sixty  feet  below  the  surface  of  the 
ground  on  the  line  of  the  cut-off  to  be  described.  Above  the  four- 
teen-foot vein  and  about,  say  midway,  between  it  and  the  surface  of 
the  sround,  there  is  another  small  vein  or  rider  of  coal,  about  twelve 
inches  in  thickness.  The  rock  between  the  two  veins  is  a  carbon- 
aceous slate,  about  twenty-five  feet  in  thickness.  Above  the  smaller 
vein  is  a  bed  of  sandstone,  varying  in  thickness,  but  generally  not 
less  than  from  eight  to  ten  feet.  This  sandstone  is  also  carbonaceous, 
but  the  proportion  of  carbon  is  much  less  than  in  the  slate  below. 
Both  rocks  have  been  analyzed,  and  before  the  next  Institute  meet- 
ing, the  writer  hopes  to  be  able  to  furnish  the  exact  proportions. 
The  sandstone  is  overlaid  with  debris  up  to  the  surface  of  the  ground. 

Some  time  during  the  spring  of  1876,  it  was  found  that  the  coal 
left  in  the  worked-out  mine  had  been  set  on  fire,  and  that  the  fire  was 
gradually  spreading.  Inquiry  developed  the  fact  that  the  fire  had 
originally  been  started  by  a  woman,  who  had  taken  up  her  abode  in 
an  old  tunnel  leading  into  the  workings.  Owing  to  some  delay  in 
the  early  attempts  made  to  extinguish  the  fire,  it  finally  gained  such 
headway  that  no  ordinary  means  were  found  to  be  effectual.  Finally, 
Mr.  C.  F.  Conrad,  civil  and  mining  engineer,  of  Pittston,  Penna., 
was  called  in  as  consulting  engineer.  He  advised  the  making  of  a 
thorough  cut  through  such  portion  of  the  old  workings  as  had  not 
been  reached  by  the  fire.  It  was  found  by  survey  that  this  cut  could 
be  limited  to  a  length  of  about  one  thousand  two  hundred  feet,  as  the 
vein  faulted  on  both  sides,  and  that  the  greatest  depth  of  the  cut 
would  be  about  sixty  feet.  Subsequently  it  was  decided  to  tunnel 
part  of  the  way,  thus  saving  the  deepest  portion  of  the  cut. 

In  1856-7,  there  occurred  a  fire  in  the  same  mine.  Two  stone- 
■  walls  in  V-shape  running  from  the  apex  of  the  V  towards  the  out- 
crop, were  built  to  cut  the  fire  off,  and  these  walls  were  carried  as  far  as 
the  vein  had  at  that  time  been  worked.     After  the  walls  were  finished 
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the  old  workings  were  filled  in  on  both  sides  with  clay  and  sand, 
making  the  spaces  air-tight;  this  helped  to  stay  the  fire;  it,  how- 
ever, finally  broke  through  to  the  surfiice  of  the  ground,  and  only 
went  out  when  it  reached  the  solid  coal. 

The  present  cut  passes  through  the  point  of  junction  of  the  old 
V  walls,  and  is,  therefore,  located  directly  through  the  debris  and 
ash  of  the  old  fire.  This  location  for  the  cut-off  was  decided  on  by 
Mr.  Conrad,  after  a  careful  survey,  for  two  reasons.  1st.  In  the  hope 
of  finding  all  combustible  matter,  coal,  gob,  carbonaceous  slate,  etc., 
burnt  to  ash  by  the  old  fire.  In  this  case  much  excavation  would 
be  saved,  as  the  ashes  of  an  extinct  fire  might  fairly  be  assumed  to 
be  an  impassable  barrier  to  a  new  one,  and  2d.  In  the  hope  that  if 
the  material  were  not  found  to  be  fully  calcined,  still  that  its  burnt 
condition  would  render  it  more  workable,  and  thus  more  easily 
removed. 

After  removing  the  surface  material  the  walls  above  described 
were  found,  and  then  about  25  feet  beyond  them  a  solid  pillar  of 
coal  in  place.  Where  this  opening  was  thus  first  made  to  the 
old  fire,  the  covering  over  the  vein  was  from  30  to  35  feet  thick — 
about  3  to  5  feet  of  surface  soil  and  earth,  and  the  remainder  yellow 
slaty  sandstone  and  coal  slate,  the  slate  and  the  sandstone  being 
parted  by  the  rider  or  small  coal  vein  above  noted.  It  was  at  this 
point  that  a  curious  fact  was  developed,  and  it  is  in  order  to  bring 
it  to  the  attention  of  the  Institute  that  the  writer  has  prepared  the 
present  communication.  On  investigation,  it  was  proved  that  the 
old  fire  had  not  penetrated  the  solid  coal  in  place.  Where  it  met  a 
pillar  in  the  workings,  the  coal  was  simply  calcined  on  its  surface; 
but  in  all  cases  the  overlying  slate  rock  ^cas  calcined  throughout. 
Nay  more,  for  the  14-foot  vein  on  the  Butler  property  is  nearly 
equally  divided  by  an  8-inch  parting  of  slate,  and  it  was  found  that 
this  slate  rock  (with  sound  bright  coal  on  both  sides),  had  been 
thoroughly  calcined.  Above  the  14-fe)ot  vein  the  rock  was  also  found 
to  be  calcined  up  to  and  above  the  12-inch  rider,  or  small  vein, 
M'hile  this  small  vein  of  solid  coal  was  also  found  to  be  unburned, 
and  perfectly  sound  and  bright,  as  in  the  case  of  the  larger  vein. 

Finally,  it  was  found  on  excavating  further,  that  when  the  old 
fire  had  reached  the  face  of  the  workings,  its  progress  had  been  ar- 
rested. 

From  this  experience  it  would  appear  to  be  established  that  coal 
in  situ,  cannot  be  burned  en  masse;  but  that  the  walls  of  carbona- 
ceous slaty  rock  inclosing  solid  coal,  caw  be  burned  or  calcined  in 
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situ.  On  wliat  theory  this  fact  can  be  explained,  may  be  an  inter- 
esting matter  ibr  discussion  to  some  members  of  the  Institute,  more 
directly  connected,  than  the  writer  can  claim  to  be,  with  problems 
of  this  nature.  At  the  February  meeting  (1879),  the  writer  expects 
to  be  able  to  present  samples  of  the  coal  and  rock  referred  to,  both 
in  its  calcined  and  in  its  natural  state,  and  by  that  time  he  hopes 
also  to  have  the  analyses  above  referred  to,  showing  the  proportion 
of  carbon  in  the  slate  and  sandstone.  It  should  also  be  stated  here, 
that  even  the  sandstone  was  found  to  be  burned,  though  not  so 
thoroughly  as  the  slate. 

At  present  the  question  to  the  company,  of  course,  is,  whether 
the  new  fire,  now  raging,  will  be  stopped  by  the  cut  or  not. 
The  cut  was  made  about  30  feet  wide,  and  is  carried  from  one 
end  of  the  coal  to  the  other,  and  down  to  the  footwall  of  the 
vein.  About  200  feet  of  the  distance  has  been  tunnelled.  At  this 
point  the  vein  has  been  removed,  and  heavy  walls  built  on  either 
side  of  the  tunnel.  Also  the  adjacent  old  workings  towards  the  fire 
have  been  filled  with  clay  and  incombustible  debris,  and  it  is  be- 
lieved by  the  engineer  in  charge  that  this,  with  the  cut,  will  aiford 
an  effectual  stay  to  the  fire,  which  is  expected  to  reach  the  line  of 
the  cut  some  time  in  January  or  February,  1879.  When  the  present 
fire  becomes  extinct,  it  will  be  an  interesting  matter  to  note,  whether 
in  the  old  workings  in  which  it  has  been  raging,  the  pillar  coal  has 
remained  unburned  as  in  the  old  fire.  That  the  superimposed  slate 
and  sandstone  is  being  calcined  is  evident,  for  the  craters  formed 
over  the  surface,  show  on  all  sides  at  night,  glowing  masses  of  incan- 
descent rock,  extending  often  up  to  the  surface. 

The  writer  hopes  to  be  able  to  supplement  the  present  paper  by 
another  at  some  subsequent  meeting,  giving  a  full  account  of  the 
construction  of  the  cut-off  and  of  its  result.  This,  of  course,  can- 
not be  done  until  the  fire  has  progressed  farther,  and  actually  reached 
the  cut. 
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IMPROVED   PIPE  AND    TUYEBE.. 

BY  JOHN  M.   HARTMAN,    PHILADELPHIA. 

The  high  temperature  of  the  blast  of  modern  furnaces  renders  it 
desirable  that  the  pipe  conveying  the  blast  into  the  furnace  crucible 
shall  transmit  and  radiate  as  little  heat  as  possible. 

To  accomplish  this,  the  pipe  shown  in  the  accompanying  sketch 
was  devised  and  patented.  It  consists  of  a  slide-valve,  leg-pipe,  and 
belly-pipe,  which  are  held  together  and  to  the  tuyere  by  a  system  of 
levers  and  links. 

The  slide-valve  is  superior  to  the  old  throttle-valve.  The  leg- 
pipe  is  formed  of  two  thicknesses  of  wrought-iron  pipe,  with  a  space 
of  half  an  inch  filled  in  with  clay  and  brick.  The  belly-pipe  is 
made  in  the  same  way  as  the  leg-pipe,  and  terminates  in  a  globe 
face  to  suit  the  tuyere.  The  quarter  turn  is  made  extra  thick,  of 
cast  iron,  and  the  cap  on  the  end  is  lined  with  clay  also.  The 
catches.  A,  B,  C,  are  merely  for  convenience  in  putting  the  pipe  to- 
gether. 

The  joints  D  and  E  are  globe  faces,  and  allow  the  pipe  to  adjust 
itself  to  any  angle.  The  eye-piece  is  made  of  violet  glass,  which  cuts 
off  the  o-lare  from  the  brig-ht  coals  in  the  furnace  and  allows  a  close 
examination  of  the  interior,  so  that  any  water  dropping  or  vapor 
can  be  detected.  The  glass  does  not  become  coated  with  dirt,  like 
mica.  Since  good  running  of  furnaces  is  shown  by  a  bright  tuyere, 
it  is  necessary  to  have  a  good  eye-piece  to  examine  them. 

To  detach  the  pipe,  a  man  lifts  the  weights,  the  side  rods  are  then 
slipped  off  the  bell  crank  under  the  quarter  turn,  the  link  under  the 
belly-pipe  is  unhooked,  and  the  pipe  carried  away.  The  same  pro- 
cess is  reversed  to  put  the  pipe  together. 

The  nozzle  is  changed  by  taking  off  the  cap,  G,  drawing  the  noz- 
zle through  the  belly-pipe,  and  inserting  another.  In  this  way  the 
change  can  be  made  quickly,  without  taking  down  the  pipe. 

On  the  old  tuyere  pipe  bolts  with  brass  nuts  were  used,  Avhich 
burned  up  and  gave  trouble.  In  other  cases  key -bolts  were  used, 
making  it  difficult  to  adjust  the  pipe. 

Bolts  make  too  rigid  a  joint,  and  there  is  no  provision  for  move- 
ment from  contraction  or  expansion.  As  the  temperature  of  the 
blast  increases  there  is  more  expansion,  and  where  rigid  joints  are 
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used  they  must  be  eased  up,  or  leakage  will  start  at  some  other 
point.  What  is  required  is  sufficient  force  to  hold  the  joints  to- 
gether and  have  them  flexible  and  yielding  at  the  same  time.  The 
rods  and  levers  give  this  flexibility  to  the  pipe,  dispense  with  the 
bolts,  and  allow  for  expansion. 

After  two  years'  trial  this  system  of  lev^ers  and  links  for  holding 
the  pipe  together  has  been  found  to  do  well.  It  especially  recom- 
mends itself  for  quickness  in  taking  down  and  putting  up  the  pipe. 

The  loss  from  transmission  and  radiation  of  tuyere-pipe  has  re- 
ceived but  little  attention.  Take  the  case  of  the  old  tuyere-pipe, 
which  averaged  1 1  square  feet  of  surface,  used  in  connection  with  a 
4-inch  nozzle.  This  would  deliver  1700  feet  of  air  per  minute,  say 
at  1200°,  with  a  total  loss  of  heat  of  8  per  cent.  This  loss,  in  the 
case  of  the  new  pipe,  is  3J  per  cent.,  and  the  difference  between  the 
two  represents  a  loss  of  105  tons  of  coal  per  year  for  a  17-foot  fur- 
nace. 

The  bronze  tuyere  here  shown  is  the  T.  F.  Witherbee  patent.  It 
has  been  adopted  by  twelve  iron  works,  and  is  rapidly  gaining  favor. 

Bronze  tuyeres  stand  better  than  iron-coil  tuyeres,  especially  in 
connection  with  fire-brick  stoves ;  they  keep  a  clean  nose,  allowing 
nothing  to  adhere  firmly,  protect  the  nozzle,  deliver  the  blast  solid 
into  the  crucible,  avoiding  the  dispersion  of  the  coil  tuyeres,  and 
stand  drilling  better.  In  event  of  a  tuyere  giving  out,  it  is  only  a 
small  crack  that  opens,  which  does  not  allow  a  large  quantity  of 
water  to  get  into  the  furnace.  To  remove  a  tuyere  it  is  only  neces- 
sary to  put  a  hook  in  it,  and  pull  it  out;  there  is  no  digging  re- 
quired, as  nothing  burns  fast  to  it. 

The  plan  adopted  by  some  of  partly  digging  out  the  coil  tuyere 
while  the  blast  is  on,  to  save  tiuie  of  stoppage,  is  dangerous.  At  the 
Keystone  Furnace,  recently,  one  of  our  best  founders  and  a  helper 
were  badly  burned,  the  pressure  in  the  furnace  blowing  out  the  tuy- 
ere and  throwing  hot  coals  and  cinder  over  them. 

The  Witherbee  tuyere  is  a  short  double-jacket  bronze  tuyere, 
turned  to  fit  the  end  of  a  water-breast.  On  the  end  of  the  tuyere  is 
turned  a  globe  face,  to  suit  the  end  of  the  belly-pipe,  which  latter 
is  held  to  its  place  by  the  link  under  the  pipe.  By  this  arrange- 
ment the  old  clay  packing  is  dispensed  with.  The  globe  face,  being 
water-cooled,  retains  its  shape  even  when  cinders  back  into  the  pipe. 
Lengthwise  of  the  tuyere,  at  the  top,  between  the  jackets,  is  a  di- 
vision which  forces  the  water  to  circulate  around  the  nose  of  the 
tuyere,  where  a  small  opening  is  cut  through  the  division  to  allow 
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anv  air  to  eseape  directly  into  tlie  discharge.  A  similar  escape  is 
placed  at  the  butt  end  of  the  tuyere. 

The  cost  of  a  4-inch  Witherbee  tuyere  is  $28,  which  includes  the 
royalty,  but  where  the  right  to  use  the  tuyere  is  purchased  the  price 
is  S24;  when  they  are  worn  out  they  are  worth  §12.  The  cost  of  a 
coil  tuyere  is  $12  to  $13,  and  they  are  of  no  value  when  burned  out; 
they  would  therefore  be  no  cheaper  than  the  others,  even  if  as  dur- 
able, but  the  bronze  tuyeres  outlast  the  coil  tuyeres  3  to  1  on  com- 
petitive trials,  which  makes  them  three  times  cheaper,  without  taking 
into  account  the  lost  time. 

The  time  required  to  change  a  bronze  tuyere  is  one-third  that  of 
the  coil  tuyere.  If  we  allow  one  hour  to  change  a  coil  tuyere,  and 
say  one  tuyere  a  week  is  lost,  then  fifty-two  hours  a  year  are  lost, 
while  with  bronze  tuyeres  fourteen  hours  only  would  be  lost.  If 
we  assume  that  the  Iwonze  tuyeres  outlast  the  coil  only  2  to  1,  then 
the  difference  in  time  lost  in  the  use  of  the  two  styles  would  repre- 
sent an  additional  yearly  production  of  112  tons  of  iron. 

Though  great  and  revolutionary  improvements  in  blast-furnace 
practice  are  not  made  every  day,  yet  it  is  still  possible  to  attain  a 
greater  economy  in  the  production  of  iron  by  attention  to  the  minor 
details  of  construction  and  workius:. 


Discussion. 

Dpv.  R.  W.  Raymond:  I  can  confirm  from  experience  with 
bronze  tuyeres  at  the  Durham  Iron  Works,  the  statement  of  Mr. 
Hartman  as  to  their  keeping  clean  at  the  nozzle.  The  tuyeres  were, 
it  is  true,  removed  from  the  Durham  furnace  after  some  months,  and 
the  common  iron-coil  tuyeres  were  substituted.  The  reasons  were 
mainly  economical.  At  that  time  the  bronze  tuyeres  cost  890  apiece, 
and  the  metal  was  worth  but  S45,  leaving  $45  as  the  loss  every 
time  a  tuyere  was  burnt  or  otherwise  destroyed.  The  coil  tuyeres, 
on  the  other  hand,  cost  $10  or  $12,  and  reckoning  the  burnt  tuyeres 
as  worthless,  this  sum  represented  the  loss.  The  question  in  prac- 
tice became,  therefore,  simply  this :  Was  the  number  of  iron  tuyeres 
lost  from  all  causes  in  a  given  time  four  times  as  great  as  the  num- 
ber of  bronze  tuyeres  lost  from  all  causes  under  similar  circum- 
stances? This  question  our  experience  answered,  for  our  own  case, 
in  the  negative ;  and  we  threw  out  the  bronze  tuyeres  in  consequence, 
not  because  they  were  not  in  some  respects  better,  but  because  their 
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superiority  was  too  clearly  paid  for.  The  design  which  Mr.  Hart- 
man  now  exhibits  is  better  in  construction  and  much  cheaper  in  first 
cost  than  the  bronze  tuyeres  which  we  used,  and  I  expect,  on  put- 
ting the  Durham  furnace  again  in  blast,  to  make  another  trial,  under 
these  more  favorable  auspices,  of  the  system  he  advocates. 

Mr.  Hartman  :  The  large  bronze  tuyeres  at  the  Durham  Iron 
Works  compared  well  with  the  coil  tuyeres  for  durability,  but  being 
larger  and  longer  than  was  necessary,  they  cost  too  much.  The 
large  surface  exposed  to  the  fire  made  them  more  liable  to  burn  tliau 
the  present  tuyere,  which  has  less  than  one-half  the  surface.  Fur- 
ther, the  present  tuyere  is  composed  of  nearly  pure  copper,  while  the 
Durham  tuyeres  were  harder  and  more  liable  to  crack.  We  have 
worked  hard  to  overcome  the  difficulties  enumerated,  and  think  we 
have  now  got  a  good  tuyere. 


THE  WHEELEB  PROCESS  FOR  WELDING  IRON  AND  STEEL 
WITHOUT  THE  USE  OF  FLUXES. 

BY  D.    TORREY,   PHILADELPHIA. 

Considering  the  two  great  interests  of  to-day,  in  iron  upon  the 
one  hand  and  steel  upon  the  other,  and  recognizing  with  measur- 
able distinctness  the  peculiar  fitness  of  each  for  special  services  to 
which  they  are  applied,  the  proposition  to  unite  the  two  metals  in 
combination,  to  bring  into  simultaneous  use  the  peculiar  advantages 
which  each  offers,  has  great  attractions.  The  limited  success  which 
has  been  attained  by  trying  to  bring  about  such  combinations  of  tlie 
two  metals  throuo^h  the  use  of  fluxes  in  weldino;,  has  led  to  the 
general  adoption  of  the  opinion  that  an  effective  union  of  the  two 
metals  is  impracticable,  or  to  the  view  that  if  practicable  it  would 
have  but  limited  commercial  value. 

Such  opinions  are,  I  think,  premature  and  erroneous,  and  having 
gained  some  knowledge  of  the  character  and  value  of  the  "Wheeler 
process"  for  welding  iron  and  steel  without  the  use  of  fluxes,  I 
submit  the  following  observations  and  opinions  of  the  matter  for 
your  information,  with  the  hope  of  eliciting  such  a  discussion  of 
the  subject  as  it  may  require. 

The  principle  of  the  invention  is  to  bring  the  two  metals  simul- 
taneously to  a  welding  heat  in  one  pile,  and  then  to  manipulate  it. 
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The  one  important  provision,  the  key  of  the  situation  so  to  speak, 
is  to  effect,  while  in  the  furnace  and  immediately  afterwards,  a  prac- 
tical exclusion  of  oxygen  from  the  surfaces  of  steel  intended  to  be 
welded.  This  is  done  by  boxing  or  inclosing  the  steel  with  plates 
of  iron,  which  plates,  made  to  lie  in  overlapping  contact  at  the 
corners  of  the  pile  and  with  its  end  plates,  are  found  to  effect  a 
satisflictory  exclusion  of  an  oxidizing  atmosphere.  Such  a  pile, 
heated  gradually  so  as  to  permit  the  suitable  penetration  of  the 
heat  through  its  mass,  bringing  the  steel  into  a  condition  of  serai- 
fusion,  is  given  at  last  a  wash-heat  to  bring  the  iron  casing  to  a 
proper  welding  temperature,  when  the  whole  pile,  that  is  the  box 
with  its  contents,  is  passed  through  the  rolls.  The  only  precaution 
to  be  taken  at  this  stage  of  the  process,  is  to  avoid  making  too  great 
a  reduction  at  once,  lest  the  semi-molten  steel  should  from  too  great 
pressure  burst  the  iron  casing  and  be  wasted.  After  one  or  more 
passes  through  the  rolls  the  welding  of  the  iron  to  the  inclosed  steel 
will  be  attained  effectually,  and  the  steel,  when  of  more  than  one 
piece,  will  be  welded  into  a  homogeneous  mass. 

This  process  is  simply  a  method  of  welding,  a  process  which  offers 
for  our  consideration  nothing  in  any  way  anomalous,  and  is  one, 
the  laws  of  wdiich  are  found  upon  examination  to  harmonize  with 
those  of  other  metallurgical  processes  commonly  practiced.  We 
have  for  a  long  time  transformed  quantities  of  steel  scrap  into  homo- 
geneous masses  by  melting  it  in  refractory  crucibles,  which  in  use 
are  covered  to  exclude  the  atmosphere ;  while  in  the  Wheeler  pro- 
cess we  use  a  malleable  crucible  wdiich  we  feed  to  the  rolls  of  the 
mill,  and  the  material  of  which  is  united  to  its  contents  and  be- 
comes part  of  the  product.  We  do  not  necessarily  melt  the  contents 
of  our  crucible  as  completely  in  the  new  practice  as  in  the  old,  but 
we  do  so  in  a  sufficient  degree  to  secure  homogeneity  of  product. 

In  making  our  boxes  we  can  use  iron  of  variable  thickness,  so  as 
to  give  that  amount  which  will  be  serviceable  in  the  finished  article; 
the  iron  must,  however,  be  thick  enough  to  withstand  the  tendency 
of  the  semifluid  steel  to  burst  free  from  its  confinement  when  the 
pile  is  first  passed  to  the  rolls,  and  also  that  the  different  parts  of 
the  case  may  be  properly  fastened  to  each  other  and  to  the  pile.  The 
viscid  condition  of  iron  at  a  welding  temperature  causes  it,  even 
when  quite  thin,  to  yield  without  breaking  to  the  pressure  of  the 
steel  to  a  degree  which  would  scarcely  be  anticipated.  The  iron 
covering  accommodates  itself  to  every  shape  into  which  the  mass  it 
incloses  may  be  worked,  notwithstanding  the  unequal  ductility  of 
the  metals,  so  that  the  resulting  product,  when  manipulating  steel  by 
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this  process,  will  be  articles  of  iron-clad  steel,  known  by  the  concise 
name  of  "combination." 

The  covering,  or  iron  casing,  serves  a  number  of  purposes  in  con- 
nection with  the  furnace  treatment  of  the  steel :  it  protects  the  sfeel 
from  oxidation,  or  burning;  the  steel  probably  maintains,  approxi- 
mately, the  percentage  of  carbon,  which  it  had  before  treatment;  it 
permits  the  steel  to  receive  a  high  temperature,  and  its  consequent 
greater  softness  allows  it  to  yield  to  more  rapid  and  effective  re- 
duction and  shaping  than  if  given  only  a  steel  heat. 

A  variety  of  methods  of  encasing  the  steel  have  been  found  to  work 
satisfactoril}' :  pouring  melted  steel  into  prepared  iron  boxes,  casting 
ingots  of  steel  and  afterwards  encasing  them  with  plates  of  iron, 
and  finally  boxing,  according  to  convenience  or  utility,  special  shapes 
of  steel  or  any  form  of  steel  scrap. 

The  process  requires  that  the  external  part  of  the  pile  shall  be 
heated  to  the  wielding  temperature  of  iron,  which  is  about  2700° 
Fahrenheit,  and  as  steel  melts  at  2552°  Fahrenheit,  or  less,  it  neces- 
sarily happens  that  the  internal  part — the  steel — will  be  in  a  molten 
or  semi-molten  condition  when  the  pile  is  first  passed  to  the  rolls. 
The  pressure  of  the  rolls  brings  into  perfect  contact  the  opposite  sur- 
faces of  porous  cavities  and  seams  in  the  body  of  the  steel,  as  well 
as  adjoining  surfaces  of  separate  pieces  of  steel,  and  of  the  steel  and 
iron,  which  contact  in  the  viscid  or  fluid  condition  of  the  metals  be- 
comes an  unquestionable  weld.  For  these  reasons  I  say  the  process 
effectually  effaces  all  traces  of  porosity  and  seams  in  the  steel. 

The  usual  conception  of  the  nature  of  the  union  between  metals 
welded  together,  may  have  to  be  modified  in  applying  it  to  the  weld 
made  by  this  process,  for  the  union  between  the  iron  and  steel  ap- 
pears to  be  as  perfect  as  is  possible  between  dissimilar  substances, 
the  two  metals  being  melted  into  union.  The  weld  between  two 
pieces  of  ingot  steel  or  ingot  iron,  protected  from  oxidation,  is,  I  be- 
lieve, like  that  of  platinum,  a  non-oxidizing  metal, — one  of  per- 
fect metallic  contact.  I  would  compare  the  union  to  the  rege- 
lation  of  fractured  ice,  or  like  cases  in  which  the  cohesion  is  no 
less  at  the  place  of  union  than  in  sections  where  the  mass  has 
never  been  severed.  And  further,  the  partial  decarburization  of  the 
steel  near  the  iron,  with  the  carburization  of  the  iron  near  the  steel, 
introduces  a  modification  of  the  metals  that  constitutes  a  kind  of 
gradation  from  one  metal  to  the  other,  preventing  the  existence  of 
a  too  strongly-marked  line  of  separation  between  the  steel  and  iron, 
giving  a  layer  of  semi-steel  between  them. 
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This  manipulation  of  iron  and  steel  is  accompanied  by  a  chemical 
action  similar  to  that  which  occurs  in  the  manufacture  of  blister- 
steel,  namely:  the  action  of  carbon,  leaving  the  steel,  on  the  iron 
encasing  it,  and  the  formation  of  carbonic  oxide  with  the  oxygen  of 
the  slag  within  the  iron,  which  gas  aids,  by  the  immediate  treat- 
ment of  the  pile  with  rolls,  the  separation  and  outflow  of  the  slag, 
securing  a  greatly  increased  purification  of  the  iron  in  the  casing  of 
the  pile. 

To  avoid  obscurity,  the  following  descriptions  are  given  of  partic- 
ular experiments  made  by  this  process,  including,  it  will  be  seen,  the 
manipulation  of  steel,  varying  from  that  which  is  too  high  in  carbon, 
for  application  to  structural  uses,  to  that  which  is  probably  too  low 
for  economical  treatment. 

Several  iron  boxes,  size  15x15x2  inches,  internal  dimensions, 
were  made  from  common  plate  iron  ^^gth  inch  thick,  and  riveted  at 
the  sides.  One  of  these  was  partly  filled  at  the  Pennsylvania  Steel 
Works  with  metal  fi'om  the  Bessemer  converter,  after  the  carbon  had 
been  burnt  out  of  the  charge,  and  before  the  s})iegeleisen  was  added. 
This  partly-filled  box,  the  open  side  being  closed,  was  placed  in  the 
furnace  and  heated  to  a  welding  heat,  when  it  was  rolled  into  plate, 
of  which  a  sample  accompanies  this  paper.  When  the  mass  was  re- 
duced to  about  No.  6  gauge,  the  metal  began  to  break  from  red- 
shortness,  and  continued  to  do  so  until  it  could  no  longer  be  passed 
through  the  rolls.  As  tested  by  Mr.  Morrell,  at  the  Cambria 
Works,  it  has  carbon  .035,  and  a  tensile  strength,  in  pounds  to  the 
square  inch,  with  the  grain  of  62.900,  and  across  the  grain  of  57.559 ; 
averaging  19  per  cent,  elongation,  for  length  of  sample,  varying 
from  2.5  to  2.6  inches. 

Another  box  was  filled  with  rail  steel,  the  same  as  poured  into 
the  ingot  moulds,  carbon  .41  ;  this  steel  blew  off,  in  cooling,  a 
large  amount  of  gas,  at  the  same  time  expelling  a  quantity  of  steel, 
which  necessarily  left  the  mass  in  a  very  porous  condition.  It  was 
without  the  slightest  difficulty  rolled  at  a  single  heat  into  sound 
plate,  gauge  No.  11,  like  the  sample,  and  is  now  on  exhibition  at 
the  fair  of  the  American  Institute  for  inspection,  showing  conclu- 
sively that  porosity  of  the  steel  does  not  embarrass  the  process  or 
injure  the  product. 

A  box  like  those  previously  described,  only  made  of  plate  of  fth 
inch  in  thickness,  was  filled  with  steel  like  the  last,  and  subsequently 
rolled  into  ^-inch  plate,  of  which  a  sample  is  presented.  The  re- 
duction was  too  rapid,  and  the  nearly  white  heat  of  the  plate  when 
finished,  accounts  for  the  appearance  of  the  surface. 
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In  another  instance,  sections  of  old  steel  rails  cut  to  lengths  of  two 
feet  were  laid  close  together  on  a  plate  of  muck-bar,  alternating  tops 


and  bottoms,  and  held  in  position  by  a  band  of  muck-plate  bent  so 
as  to  form  the  four  sides  of  a  box  six  inches  deep,  the  top  of  the  box 
being  another  piece  of  muck-bar  one  inch  thick  and  15  x  28  inches 
dimensions,  as  shown  in  the  sketch. 

The  steel  in  this  box  occupied  less  than  half  of  the  space  within 
it,  necessitating  a  reduction  between  the  rolls  of  more  than  three 
inches  before  the  metal  could  be  compressed  into  a  solid  mass.  No 
difficulty  was  experienced  in  rolling  this  pile  into  ^-inch  plate  at  a 
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single  heat.  A  sample  is  also  presented  of  such  a  plate,  and  one  of 
full  size,  with  a  duplicate  of  the  box  from  which  it  was  rolled,  may 
be  seen  at  the  fair  of  the  American  Institute.  It  has  tensile  strength 
to  the  square  inch  of  over  75,000  pounds,  with  a  limit  of  elasticity 
for  the  same  section  of  over  50,000  pounds. 

A  pile  was  made  by  placing  together,  compactly,  forty-two  plates 
of  old  steel  springs  which  had  lain  in  an  uncovered  scrap  heap  for 
months,  or  years,  until  covered  with  a  thick  coating  of  rust  and  dirt. 
The  separate  pieces  were  about  one  quarter  of  an  inch  in  thickness, 
by  three  or  three  and  a  half  inches  in  width.  I  speak  from  memory. 
They  were  boxed  by  using  flat  bars,  made  by  breaking  down  old 
iron  rails.  The  pile  was  about  seven  inches  square  and  perhaps 
three  feet  in  length.  At  the  first  heat  it  was  rolled  into  blooms ;  at 
the  second  heat  into  billets  for  the  wire  mill.  I  have  a  sample  for 
your  inspection. 
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And  finally  I  will  add,  that  no  difficulty  has  been  experienced  in 
reducing  steel  scrap,  from  any  of  its  forms,  to  articles  of  commerce. 
I  have  here  a  piece  of  a  bar,  the  steel  in  which  was  old  files,  and 
had  it  been  necessary  I  could  have  presented  for  your  inspection  a 
much  greater  variety  of  samples. 

The  box  for  manipulating  fine  scrap  is  made  of  rectangular  plates 
of  iron  of  suitable  thickness,  fastened  at  the  ends  by  ties,  as  shown 
in  the  sketch,  which  represents  a  box  32  inches  long  and  about  6 
inches  square. 

This  box  is  made  economically  by  machinery,  and  may  be 
shipped  in  packages  to  the  establishment  where  fine  scrap  is  pro- 
duced, where  it  can  be  put  together  and  filled  ready  for  the  furnace 
before  shipment.  It  is  available  and  valuable  for  iron  as  well  as 
steel,  and  should  be  the  scrap-box  of  every  machine  shop. 


I  will  not  trespass  further  on  your  time  by  recounting  other  illus- 
trations and  experiments  of  the  practical  application  of  this  process. 
These  samples  submitted  will,  I  rhink,  establish  the  fact  that  by  this 
process  a  thoroughly  satisfactory  weld  or  union  of  the  metals  is 
secured,  which  meets  the  requirements  of  trade  as  well  in  respect  to 
the  extent  and  degree  as  in  the  economy  of  its  application. 

The  product  may  be  in  the  form  of  completed  articles  of  com- 
merce, such  as  bars,  plates,  tubes,  etc.,  or  it  may  be  only  in  prepara- 
tion for  further  treatment,  as  in  the  case  of  top  plates  for  making 
piles  for  railroad  rails,  flat  bars  for  cross-piling  in  making  special 
grades  of  boiler  plate,  blooms,  slabs,  and  shoot  bars,  segments  for 
tubular  iron,  etc.,  etc. 

The  product  varies  of  course  with  the  quality  of  the  steel,  no  one 
thinking  that  old  steel  rails  will  be  transformed  into  steel  of  the 
highest  quality,  but  it  is  claimed  that  the  iron  is  materially  im- 
proved by  being  worked  over  steel  as  the  process  requires;  that  the 
steel  is  not  deteriorated  by  the  j)rocess ;  that  articles  of  iron-clad  steel 
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are  exempt  from  liability  to  fracture  under  concussive  or  vibratory 
strains  to  the  degree  that  they  would  probably  be  if  made  of  iron  only ; 
that  the  iron  cover  protects  the  steel  from  the  corrosion  to  which  it  is 
liable  from  the  presence  of  manganese;  and  that  the  manipulation  to 
which  steel  is  subject  in  this  process  alone  effaces  eifectually  all 
traces  of  porosity,  seams,  and  surface  cracks,  all  of  which  occasion 
or  are  in  themselves  incipient  fractures. 

It  is  believed  that  the  product  of  this  process,  "combination," 
has  exceptional  advantages  for  use  as  a  structural  material  as  com- 
pared with  either  metal  used  alone.  This  special  adaptation  is 
illustrated  by  an  experiment  often  made  with  an  iron-clad  bar  of 
steel,  which,  with  one  end  firmly  fastened  in  a  vise,  is  forcibly  bent 
to  and  fro  a  great  number  of  times,  or  struck  repeatedly  with  a 
heavy  hammer  without  showing  any  tendency  to  fracture.  The 
ductile  iron  in  the  coating  of  the  bar  prevents  the  concentration 
at  any  one  point  of  the  vibratory  strain  put  upon  the  outer  surface 
of  the  steel,  and  is  itself  not  affected  injuriously  by  accidental 
scratches  or  indentations  on  its  surface,  as  would  be  the  case  with 
bars  or  plates  of  naked  steel  treated  in  the  same  manner. 

In  the  manufacture  of  railroad  rails  it  seems  feasible  to  attain,  by 
this  process,  an  ideal  rail,  combining  enduring  hardness  in  the  head 
with  toughness  in  the  web  and  base — a  union  of  homogeneity  and 
fibre,  in  positions  to  yield  the  best  result. 


TBE  CHEMICAL  COMPOSITION  AND  PHYSICAL  PBOPEB- 
TIES  OF  STEEL  BAILS. 

BY  C.    B.    DUDLEY,  PH.D.,   CHEMIST,   PENNSYLVANIA  RAILROAD  CO., 

ALTOONA,    PA. 

In  the  spring  of  1877,  the  Pennsylvania  Railroad  Company  be- 
came so  dissatisfied  with  the  average  life  and  wear  of  the  steel  rails  it 
was  then  able  to  procure,  that  it  determined  to  make  an  investiga- 
tion into  the  chemical  composition  and  physical  properties  of  steel 
rails,  with  a  view,  first,  to  answering  the  question  why  one  steel  rail 
has  to  be  removed  from  the  track  after,  perhaps,  eight  months'  ser- 
vice, w^hile  another  lasts  ten  years;  and,  secondly,  if  this  investiga- 
tion succeeded  in  throwing  light  on  this  important  subject,  to  use 
this  information  in  securing  better  rails  in  the  future.     The  results 
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of  that  investigation  are  contained  in  the  following  report.  In  pre- 
senting this  report  to  the  American  Institute  of  Mining  Engineers, 
which  I  am  permitted  to  do  by  the  kindness  of  the  officers  of  the 
Pennsylvania  Railroad  Company,  it  has  been  thought  best  to  retain 
the  form  and  style  in  which  the  report  was  written.  For  although 
the  report  was  originally  written  for  the  officers  of  the  Pennsylvania 
Railroad  Company,  and,  consequently,  the  discussion  of  details 
made  a  little  more  full  than  if  it  had  been  written  as  a  scientific 
paper,  yet  this  very  fulness  of  detail  may  not  be  amiss  in  a  field 
where  knowledge  is  so  urgently  needed. 

REPORT. 

Theo.  N.  Ely,  Esq., 

Superintendent  Motive  Power,  Pennsylvania  Eailroad  Co. 

Dear  Sir  :  I  have  finished  the  examination  of  the  subject  of  steel 
rails  in  connection  with  their  chemical  constitution,  physical  prop- 
erties, and  wear,  which  has  occupied  my  attention  and  study,  more 
or  less  constantly,  for  six  months  past,  and  beg  leave  to  present 
thereon  the  following  report: 

The  question  which  has  led  to,  and  has  followed  in  all  its  details, 
the  investigation  embraced  in  this  report  is:  How  shall  the  Penn- 
s^-lvania  Railroad  Company  obtain  steel  rails  which  shall  give  a 
satisfactory  wear  and  be  uniform  in  quality  ? 

In  order  to  understand  the  attempt  which  has  been  made  to 
answer  this  question,  it  will  be  necessary  to  state  a  few  preliminary 
principles.  It  seems  to  be  agreed  among  metallurgists  that  the 
quality  of  a  piece  of  steel  depends  upon  two  sets  of  circumstances: 
1st.  Its  chemical  composition;  and,  2d.  The  treatment  which  the 
metal  receives  either  during  or  after  its  manufacture.  In  other 
words,  a  piece  of  steel  of  certain  chemical  constitution  and  treat- 
ment will  have  certain  physical  qualities  of  strength,  elasticity, 
ductility,  power  to  resist  wear,  etc.;  or,  again,  a  different  chemical 
constitution  and  treatment  will  give  a  piece  of  steel  which  will  differ 
in  one  or  more  of  these  resj)ects  from  the  first ;  the  former  being  pos- 
sibly more  valuable  for  rails,  the  latter  for  cutting-tools. 

Now  it  is  to  be  confessed  at  the  outset  that  our  knowledge  of 
these  two  sets  of  circumstances,  viz.,  the  chemical  constitution  and 
treatment  necessary  to  secure  such  a  })iece  of  steel  as  is  desired,  is 
far  from  being  all  that  could  be  wished  for.  Nevertheless,  some 
things  are  known,  and  the  work  which  is  described  below  is  an  at- 
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tempt  to  add  to  our  knowledge  in  this  respect,  with  regard  to  steel 
rails. 

Now  inasmuch  as  all  our  steel  rails  are  made  at  present  by  the 
Bessemer  or  pneumatic  process,  and  inasmuch  as  the  conditions  of 
successful  working  of  this  process  are  pretty  well  understood,  it  is 
assumed  that  the  treatment  which  the  steel  receives  during  manufac- 
ture is  constant  or  always  alike.  That  this  is  an  actual  fact  in  prac- 
tice is  probably  not  true.  The  carelessness  of  workmen,  and  the 
w^ant  of  proper  appliances,  may  at  times  cause  more  or  less  variation 
in  the  treatment  which  the  successive  "blows"  or  heats  in  the  Bes- 
semer converter  receive.  These  variations  are,  however,  undoubt- 
edly small,  and  where  care  is  taken,  and  the  Bessemer  process  given 
its  full  chance,  the  want  of  uniformity  of  product,  so  far  as  that  uni- 
formity depends  upon  treatment  or  method  of  manufacture,  should 
be  very  small.  I  would  not  be  understood  as  saying,  however,  that 
I  think  the  Bessemer  process  has  reached  its  full  development,  or 
is  incapable  of  further  improvement.  How  to  obtain  solid  ingots, 
whether  it  is  better  to  use  the  bottom  or  top  cast,  whether  the 
slag  is  all  separated  before  casting,  at  what  temperature  the  rail 
should  go  through  the  rolls,  and  especially  the  last  pass,  and  how  to 
get  this  temperature,  are  questions  still  awaiting  solution,  and  I 
think  it  undoubted  that  to  one  or  more,  or  possibly  all  combined,  of 
these  uncertainties  are  due  some  of  the  anomalies  which  are  often 
met  with  in  steel. 

Nevertheless,  assuming,  as  has  already  been  stated,  that  the  Bes- 
semer process,  as  at  present  understood  and  worked,  is  capable,  in 
careful  hands,  of  turning  out  a  moderately  uniform  product,  so  far 
as  that  uniformity  dej)ends  upon  treatment  or  method  of  manufac- 
ture— which  is  undoubtedly  the  case — the  question  how  to  obtain  a 
good  rail  becomes  one  as  to  the  chemical  composition  of  the  steel, 
and  this  is  the  part  of  the  problem  to  which  I  have  devoted  some 
labor  and  study.  We  are  fortunately,  however,  not  entirely  depen- 
dent for  uniformity  of  product,  so  far  as  that  uniformity  depends 
upon  treatment  or  method  of  manufacture,  upon  the  uniformity  with 
which  the  rail  manufacturers  work  the  Bessemer  process.  Just  here 
comes  in  the  sphere  for  appropriate  physical  tests  and  inspection. 
For  example,  it  seems  clear  to  me  that  if  a  "blow"  or  heat  in  the 
Bessemer  converter  is  badly  treated  at  any  point  during  the  manu- 
facture, so  that  the  steel  is  spoiled,  appropriate  physical  tests  and 
inspection  will  reveal  the  fact,  and  thus  enable  us  to  protect  our- 
selves by  rejecting  that  "blow."     So  that  the  question  with  which 
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we  started,  viz.,  How  shall  the  Pennsylvania  Railroad  Company 
obtain  steel  rails  which  shall  give  satisfactory  wear  and  be  uniform 
in  quality?  seems  to  be  resolved  into  two  others,  viz.:  (1.)  With 
the  present  known  metallurgical  methods  in  the  Bessemer  process, 
what  chemical  composition  shall  the  Pennsylvania  Railroad  Com- 
pany prescribe  for  its  rails?  and  (2.)  What  physical  tests  and  in- 
spection shall  it  apply  to  secure  uniformity  of  product?  What 
follows  is  an  attempt  to  answer  these  questions. 

1.       CHEMICAL    COMPOSITIOX. 

It  is  well  known  that  there  are  six  impurities  which  exist  in  nearly 
all  iron  and  steel  in  greater  or  less  amount,  which  are  known  to  have 
important  influences  upon  their  quality,  even  in  small  quantities. 
These  are  carbon,  phosphorus,  silicon,  manganese,  sulphur,  and  cop- 
per, and  when  we  speak  of  the  chemical  composition  of  steel,  we 
mean  the  amount  of  these  various  impurities  which  the  steel  contains. 
Steel,  and  especially  pig  iron,  contain  other  impurities,  such  as  tita- 
nium, cobalt,  nickel,  arsenic,  etc.,  but  these  are  commonly  disregarded 
in  analysis  because  their  amount  is  usually  very  small,  and  some  ot 
them  are  not  known  to  have  any  influence  upon  the  quality  of  the 
metal.  A  discussion  as  to  the  influence  of  these  various  impurities 
upon  the  quality  of  steel,  will  follow  later.  It  is  sufficient  here  to 
say,  that  almost  the  only  effect  that  sulphur  and  copper  are  know'n 
to  have  on  steel,  is  to  render  it  what  is  technically  known  as  "red 
short,"  that  is,  if  a  steel  rail  has  too  much  sulphur  and  copper  in 
it,  it  crushes  in  the  rolls  or  flies  to  pieces,  during  manufacture.  I  am 
unable  to  find,  anywhere,  that  sulphur  and  copper  are  said  to  have 
a  deleterious  effect  on  the  wear  or  durability  of  a  rail,  and  indeed, 
some  metallurgists  claim  that  they  are  advantageous  in  this  respect. 
I  have,  therefore,  not  determined  the  sulphur  or  copper  in  the 
analyses  given  below,  and  would  not  recommend  to  prescribe  any 
specifications  in  regard  to  them.  We  can  safety  trust  the  rail  manu- 
facturers not  to  give  us  rails  containing  too  much  sulphur  and  copper. 

As  to  tlie  other  four  impurities,  the  question  now  arises,  how  much 
of  these  various  substances  ought  a  good  steel  rail  to  contain  ?  In 
order  to  answer  this  question,  twenty-five  pieces  of  steel  rails  have  been 
carefully  analyzed  for  carbon,  phosphorus,  silicon,  and  manganese. 
The  borings  for  analysis  were  taken  out  of  the  physical  test  pieces 
described  below.  The  chemical  Mork  was  all  done  in  duplicate.  The 
carbon  was  determined  by  combustion,  working  upon  7  grams,  dis- 
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solving  out  the  iron  with  solution  of  the  double  chloride  of  copper  and 
ammonium,and  burning  the  carbon  with  chromate  of  lead.  The  phos- 
phorus was  determined  by  the  raolybdate  of  ammonium  method,  work- 
ing upon  3  grams,  and  dissolving  the  steel  in  aqua  regia.  The  manga- 
nese was  determined  by  the  bromiiTe  method,  separating  the  iron  as 
basic  acetate,  and  using  acetate  of  soda  as  the  precipitant.  The  silicon 
was  determined  in  the  usual  way,  working  upon  10  grams,  and  dis- 
solving in  hydrochloric  acid.  The  twenty-five  samples  of  steel  rail 
which  were  analyzed,  have  all  been  in  actual  service;  some  of  them 
have  broken  in  service,  some  have  crushed  in  service,  some  have  worn 
badly  with  short  service,  and  some  have  endured  long  and  hard  ser- 
vice. The  brands  of  steel  represented  in  the  series,  are :  Penn.  steel, 
Cambria  steel,  Lackawanna  Iron  and  Coal  Co.'s  steel,  Cammel  steel, 
Mersey  steel,  Ebbw  Vale  steel,  and  John  Brown  steel.  It  was  thought 
that  the  series  would  represent,  as  fairly  as  a  series  of  twenty-five 
samples  could  do,  the  actual  results  of  good  and  bad  service  of  rails 
on  the  Pennsylvania  Railroad.  Moreover,  the  samples  were  taken 
from  all  parts  of  the  road,  thereby  rendering  inoperative  the  in- 
fluence of  local  causes  upon  the  life  and  wear  of  the  rails.  If 
now  the  chemical  composition  of  the  good  rails  should  show  uni- 
formity within  narrow  limits,  while  the  chemical  composition  of  the 
bad  rails  should  likewise  show  uniformity  ;  and  if  these  uniformities 
of  chemical  composition  in  the  good  rails  and  bad  rails  should  differ 
from  each  other,  it  would  seem  to  be  fair  to  conclude  that  the  com- 
position of  the  bad  rails  should  be  avoided,  while  that  of  the  good  rails 
should  be  adopted.  That  the  good  rails  show  a  moderate  uniform- 
ity of  chemical  composition,  different  from  that  of  the  bad  rails,  will 
be  evident,  I  think,  from  an  inspection  of  the  analyses  which  follow. 
One  or  two  things  more  ought  to  be  mentioned.  In  order  to 
measure  the  value  of  a  rail,  whether  good  or  bad,  the  approximate 
tonnage  which  has  passed  over  each  of  these  pieces  of  rail  has  been 
computed ;  it  being  of  course  evident  to  all  that  the  burden  which  a 
rail  has  sustained,  even  though  approximately  determined,  is  a  much 
more  accurate  measure  of  its  value  than  time  of  service.  Again,  posi- 
tion in  a  track,  whether  on  a  curve  or  on  a  straight  line,  and  also 
whether  subject  to  high  speed  or  not,  obviously  have  an  influence 
upon  the  durability  of  a  rail,  and  attention  has  been  given  to  these 
points  in  estimating  the  value  of  a  rail.  It  will  be  noticed  in  the 
tables  which  follow  that  the  principle  of  measuring  the  value  of  a 
rail  by  the  tonnage  which  has  passed  over  it  has  not  been  strictly 
followed.     The  rails  have  been  divided  in  the  tables  into  two  classes 
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on  this  principle,  viz. :  those  ivhich  crushed  or  broke  in  service  and 
those  ichich  did  not  crush  or  break  in  service.  The  former  are  regarded 
as  bad  rails  and  the  latter  as  good  rails.  This  principle  of  division 
brings  among  the  bad  rails  four  whose  tonnage  is  higher  than  the 
lowest  tonnage  of  any  rail  among  the  good  ones.  But  in  view  of 
the  liability  to  accident  which  a  broken  or  crushed  rail  may  occa- 
sion, I  think  no  one  will  claim  that  a  rail  which  has  broken  or 
crushed  in  service  should  be  classed  among  good  rails,  even  though 
its  tonnage  may  entitle  it  to  be  so  rated. 

Finally,  as  a  means  of  determining  whether  good  rails  differed 
from  bad  rails  in  physical  qualities,  such  as  tensile  strength,  duc- 
tility, etc.,  and  if  it  was  found  that  they  did  so  differ,  as  a  means  of 
enabling  us  to  specify  what  physical  tests  the  steel  for  our  rails 
ought  to  stand,  careful  jjhysical  tests  have  been  made  of  every  piece 
of  steel  analyzed  except  two,  the  samples  sent  for  analysis  of  these  two 
being  so  small  as  to  prevent  physical  tests  being  made.  The  physi- 
cal tests  were  made  on  Prof.  Thurston's  Torsional  Testing  Machine, 
as  being  the  best  means  of  determining  the  largest  number  of  physi- 
cal qualities  at  a  single  test.  A  copy  of  the  diagrams  obtained  in 
making  these  tests  accompanies  this  report,  and  will  be  referred 
to  later. 

The  history  of  each  piece  of  rail  analyzed,  together  with  an  out- 
line sketch  of  the  piece  (one-third  size)  as  it  appeared  when  removed 
from  the  track,  the  tonnage,  chemical  analysis,  and  results  of  physi- 
cal tests  are  given  in  order  below.  Following  these  is  a  tabulated 
statement  of  these  results,  and  the  conclusions  drawn  from  them : 
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No.  32. — Broken  near  Edgar  Thomson  Steel   Works,  first  time   train  passed  over   it. 
Tonnage,  0,000,000  tons. 


Chemical  Analysis. 

Carbon, 0.359 

Phosphorus,  .  .  , 
Manganese,  .  .  . 
Silicon,      .... 


Total  Hardeners, 
"    in  P.  units, 


.156 
.505 
.035 


1.055 
39.4 


Physical  Tests. 

Angle  of  Torsion, 111° 

Moment  of  Torsion, 333 

Tensile  Strength  at  Kupture,  .     .     .  78,255 
"  "         "  Elastic  Limit,    .  30,550 

Percentage  of  Elongation,    ....  16.898 
Proportional  Ultimate  Resilience,     .  29.80 


No.  83. — In  service  from  June,  1875,  to  September,  1876  ;  sixteen  months.  Was  in  south 
track  on  9°  curve,  just  east  of  Columbia  Tunnel.  Broke  in  service.  Ton- 
nage, 10,027,131  tons. 


Chemical  Analysis. 

Carbon, 0.323 

Phosphorus, 135 

Manganese, 522 

Silicon, .035 

Total  Hardeners,     .     .     1.015 
"     in  P.  units,    .     .  36.4 


Physical  Tests. 

Angle  of  Torsion, 106° 

Moment  of  Torsion, 340 

Tensile  Strength  at  Rupture,    .     .     .  79,900 

"             "        "  Elastic  Limit,    .  33,135 

Percentage  of  Elongation,    ....  15.509 

Proportional  Ultimate  Resilience,  .  28.60 
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No.  262. — In  service  from  October,  1808,  to  Nuveinber,  1876 ;  eight  years,  one  month. 
Was  in  south  track  on  9°  curve,  just  west  of  Valley  Creek  Bridge.  Tonnage, 
44,636,201  ions. 


Chemical  Analysis. 

Carbon, 0.337 

Pliosphorus, 056 

Manganese, 374 

Silicon, 056 

Total  Hardeners,     .     .       .823 
"     in  P.  units,    .     .  27.1 


Physical,  Tests. 


No  physical  tests  were  made,  because  of 
smallness  of  piece  of  rail  sent. 


No.  277. — In  service  from  September,  1872,  to  December,  1876;  four  years,  three  months. 
Was  in  south  track  on  tangent,  about  midvjay  between  South  Elizabeth  and 
Linden.     Broke  in  service.     Tonnage,  16,600,728  tons. 


Chemical  Analysis. 
Carbon, 0.573 


Phosphorus,  . 
Manganese,  . 
Silicon,      .     . 


Total  Hardeners 
"     in  P.  units, 


.075 
.853 
.182 


1.688 
52.9 


Physical  Tests. 

Angle  of  Torsion, 101° 

Moment  of  Torsion, 433 

Tensile  Strength  at  Rupture,     .     .  101,755 

"              "         "    Elastic  Limit,  43,005 

Percentage  of  Elongation,      .     .     .  14.169 

Proportional  Ultimate  Resilience,  .  36.81 
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No.  282. — In  service  from  August,  1875,  to  January,  1877;  one  year,  five  months.  Was 
in  single  track  near  Marr's  Run  Station,  on  N.  C.  H.  W.  Broke  in  ser- 
vice.    On  tangent.     Tonnage,  4,535,318  tons. 


Chemicai,  Analysis. 

Carbon, 0.354 

Phosphorus, 132 

Manganese, 552 

Silicon, .050 

Total  Hardeners,     .     .     1.088 
"     in  P.  units,    .     .  38.5 


Physical  Tests. 


Xo  physical  tests  were  made,  because  of 
smallness  of  piece  of  rail  sent. 


No.  347. — Broke  after  five  days'  service  on  New  York  Division.     Tonnage,  0,000,000 
tons. 


Chemical  Analysis. 

Carbon, 0.387 

Phosphorus, 056 

Manganese, 670 

Silicon, 035 

Total  Hardeners,     .     .     1.148 
"      in  P.  units,    .     .  36.6 


Physical  Tests. 

Angle  of  Torsion, 67° 

Moment  of  Torsion, 306 

Tensile  Strength  at  Rupture,   .     .     .  71,910 

"             "         "  Elastic  Limit,    .  30,550 

Percentage  of  Elongation,   ....  6.467 

Proportional  Ultimate  Resilience,    .  16.65 
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Ko.  37L — In  service  from  July,  ISIG,  to  March,  1877;  eight  months.  Was  in  single 
track,  on  Tyrone  and  Clearfield  Division,  south  of  Mount  Pleasant.  On 
curve,  16°.     Tonnage,  2,741,056  tons. 


CHEinCAL  A>'ALYSIS. 

Carbon, 0.368 

Phosphorus, 127 

Manganese, 380 

Silicon, .053 

Total  Hardeners,     .     .       .946 
"      in  P.  units,    .     .  35.8 


Physical  Tests. 


Angle  of  Torsion, 

Moment  of  Torsion, 

Tensile  Strength  at  Kupture,   .     . 

"  "         "  Elastic  Limit, 

Percentage  of  Elongation,   .     .     . 

Proportional  Ultimate  Eesilience, 


342 
80,370 
47,000 
10.223 
24.68 


D 


No.  372. — In  service  from  July,  1876,  to  March,  1877 ;  eight  months.  Was  in  single 
track  on  17°  curve,  Tyrone  and  Clearfield  Division,  south  of  Mount  Pleasant. 
Tonnage,  2,741,056  tons. 


Chemical  Analysis. 
Carbon, 0.416 


Phosphorus, 
Manganese, 
Silicon, 


Total  Hardeners 
"     in  P.  units 


.155 
.460 
.034 


1.065 
40.3 


Physical  Tests. 

Angle  of  Torsion, 102° 

Moment  of  Torsion, 346 

Tensile  Strength  at  Rupture.   .     .     .  81,310 

"             "         "  Elastic  Limit,     .  30,550 

Percentage  of  Elongation,   ....  14.433 

Proportional  Ultimate  Eesilience,    .  29.26 
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.57J 


JVb.  373. — In  service  from  July,  1876,  to  3Iarch,  1877 ;  eight  months.  Was  in  single 
tracJc  on  20°  curve.  Tyrone  and  Clearfield  Division,  south  of  Mount  Pleasant. 
Tonnage,  2,741,056  tons. 


Chemicai/  Analysis. 

Carbon, 0.300 

Phosphorus, 138 

Manganese, 412 

Silicon, .024 

Total  Hardeners,     .     .       .874 
"     in  P.  units,    .     .  33.2 


Physical  Tests. 


Angle  of  Torsion, 

Moment  of  Torsion,    .... 
Tensile  Strength  at  Rupture,   . 

"  "         "  Elastic  Limit 

Percentage  of  Elongation,'  .     . 
Proportional  Ultimate  Resilience, 


102° 
281 
66,035 
25,850 
14.433 
23.06 


No.  388. — In  service  from  March,  1867,  to  March,  1877 ;  ten  years.     Was  in  north 
track  on  a  tangent  near  Ardmore  Station.     Tonnage,  37,005,142  tons. 


Chemical  Analysis. 

Carbon, 0.303 

Phosphorus, 166 

Manganese, 316 

Silicon, t  .       .032 

Total  Hardeners,     .     .       .817 
"      in  P.  units,    .     .  34.6 


Physical  Tests. 


Angle  of  Torsion, 

Moment  of  Torsion,    .... 
Tensile  Strength  at  Rupture,  . 

"  Elastic  Limit 
Percentage  of  Elongation,    .     . 
Proportional  Ultimate  Resilience. 


120° 
322 
75,670 
31,725 
19.514 
31.21 
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CO^ 


No.  389. — In  service  from  March,  1872,  to  April,  1877  ;  five  years,  one  month.     Was  on 
south  track  on  a  curve,  one  mile  west  of  Huntinc/don.     Tonnage,  34,333,639 


Chemical,  Analysis. 

Carbon, 0.343 

Phosphorus, 127 

Manganese, 670 

Silicon, .036 

Total  Hardeners,     .     .     1.176 
"     in. P.  units,     .     .  39.3 


Physical  Tests. 

Angle  of  Torsion, 121° 

Moment  of  Torsion, 320 

Tensile  Strength  at  Kupture,  .     .     .  75,200 

"         "  Elastic  Limit,    .  30,550 

Percentage  of  Elongation,   ....  19.813 

Proportional  Ultimate  Resilience,    .  31.02 


No.  390. — In  se)~vice  from  March,  1868,  to  March,  1877 ;  nine  years.  Was  in  south 
tr^ck  on  2°  curve,  on  eastern  slope  of  mountain.  Pittsburgh  Division.  Ton- 
nage, 47,332,411  tons. 


Chemical  Analysis. 

Carbon, 0.291 

Phosphorus, 057 

Manganese, 354 

Silicon, X)68 

Total  Hardeners,     .     .       .770 
"     in  P.  units,     .     .  25.9 


Physical  Tests. 

Angle  of  Torsion, 126° 

Moment  of  Torsion, 302 

Tensile  Strength  at  Rupture,    .     .     .  70,970 
"         "  Elastic  Limit,     .  32,900 
Percentage  of  Elongation,    ....  21.337 
Proportional  Ultimate  Resilience,     .  31.95 
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No.  391. — In  service  from  June,  1871,  to  April  1877 ;  five  years,  ten  months.  Was  in 
south  track  on  4.}°  curve,  1700  feet  west  of  M.  P.,  84i  from  Pittsburgh.  Ton- 
nage, 30,873,173  tons. 


Chemical  Analysis. 

Carbon, 0.294 

Phosphorus, 181 

Manganese, 354 

Silicon, .020 

Total  Hardeners,     .     .       .894 
"      in  P.  units,    .     .  36.0 


Physical  Tests. 

Angle  of  Torsion, 117° 

Moment  of  Torsion, 333 

Tensile  Strength  at  Eupture,   .     .     .  78,255 

"             "         "  Elastic  Limit,    .  33,605 

Percentage  of  Elongation,   ....  18.626 

Proportional  Ultimate  Resilience,     .  32.42 


CP 


No.  392. — In  sertice  from  April,  1871,  to  April,  1877  ;  six  years.  Was  in  south  track  on 
4°  curve,  800  feet  east  of  M.  P.,  106  from  Pittsburgh.  Tonnage,  32,957,247 
tons. 


Chemical  Analysis. 

Carbon, 0.231 

Phosphorus, 087 

Manganese, 364 

Silicon, 047 

Total  Hardeners,     .     .       .729 
"     in  P.  units,     .     .  26.0 


Physical  Tests. 


Angle  of  Torsion, 

Moment  of  Torsion,    .... 
Tensile  Strength  at  Eupture,   . 

"  "         "  Elastic  Limit 

Percentage  of  Elongation,    .     . 
Proportional  Ultimate  Eesilience 


151° 
294 
69,090 
30,550 
29.548 
37.24 
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No.  393. — Til  service  from  July,  1867,  io  July,  1873,  in  north  track  at  M.  P.,  1 55 /rom 
Philadelphia  ;  then  from  July,  1873,  to  April,  1877,  in  No.  1,  south  siding, 
llifflin  Yard.  Total  service,  nine  years,  ten  months.  Tonnage,  17,083,416 
tons. 


Chemical  Analysis. 

Carbon, 0.219 

Phosphorus, 065 

Manganese, 272 

Silicon, 028 


Total  Hardeners 
"      in  P.  units 


.584 
20.6 


Physical  Tests. 

Angle  of  Torsion, 217° 

Moment  of  Torsion, 285 

Tensile  Strength  at  Rupture,   .     .     .  66,975 
"  "         "  Elastic  Limit,     .  28,200 

Percentage  of  Elongation 54.944 

Proportional  Ultimate  Resilience,     .  49.63 


No.  394. — In  service  from  April,  1871,  to  April,  1877  ;  six  years.  Was  in  south  track  on 
2°  curve,  2600  feet  tvest  of  3L  P.,  27  from  Pittsb  urgh.  Tonnage,  25,043,350 
tons. 


Chemical  Analysis. 

Carbon, 0.286 

Phosphorus, 083 

Manganese, 418 

Silicon, .023 

Total  Hardeners,     .     .       .810 
"     in  P.  units,     .     .  27.3 


Physical  Tests. 

Angle  of  Torsion, 

Moment  of  Torsion,    .... 
Tensile  Strength  at  Rupture,    . 

"  "         "  Elastic  Limit. 

Percentage  of  Elongation,   .     . 
Proportional  Ultimate  Resilience, 


149° 
322 

75,670 
45,825 
28.857 
41.65 
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No.  395. — In  service  from  September,  1872,  to  March,  1877  ;  four  years,  seven  months. 
Was  in  south  track  on  4°  curve,  1200  feet  west  of  31.  P.,  59  from  Pitts- 
burgh.    Tonnage,  24,606,889  tons. 


Chemical  Analysis. 

Carbon, 0.353 

Phosphorus, 103 

Manganese, 576 

Silicon, 059 

Total  Hardeners,     .     .     1.091 
"      in  P.  units,    .     .  36.5 


Physical  Tests. 

Angle  of  Torsion, 134° 

Moment  of  Torsion, 338 

Tensile  Strength  at  Rupture,  .     .     .  79,430 
"  "         "  Elastic  Limit,    .  32,900 

Percentage  at  Elongation,    ....  23.860 
Proportional  Ultimate  Resilience,     .  37.49 


OP 


No.  396. — In  service  from  January,  1874,  to  January,  1877  ;  three  years.  Was  in  Sub- 
division 11,  Pittsburgh  Division;  the  records  of  which  were  destroyed  by 
the  riots.     Tonnage,  13,683,266  ton^. 


Chemical  Analysis. 

Carbon, 0.350 

Phosphorus, 134 

Manganese, 626 

Silicon, 058 

Total  Hardeners,     .     .     1.168 
"      in  P.  units,     .     .  40.5 


Physical  Tests. 

Angle  of  Torsion,  .......      105° 

Moment  of  Torsion, 342 

Tensile  Strength  at  Rupture,   .     .     .  80,370 
"  Elastic  Limit,    .  36,425 
Percentage  of  Elongation,    ....  15.237 
Proportional  Ultimate  Resilience,    .  29.06 
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No.  397. — In  service  from  July,  1872,  to  May,  1877  ;  four  years,  seven  months.  Was  in 
south  track  on  tangent  650  feet  west  of  31.  P.,  11  from  Pittsburgh.  Ton- 
nage, 21,935,613  tons. 


Chemical  Analysis. 

Carbon, 0.365 

Phosphorus, 130 

Manganese, 458 

Silicon, .020 

Total  Hardenei-s,     ,     .       .973 
"     in  P.  units,    .     .  35.3 


Physical  Tests. 

Angle  of  Torsion, 82° 

Moment  of  Torsion, 260 

Tensile  Strength  at  Kupture,   .     .     .  61,100 
"         "  Elastic  Limit,    .  25,850 
Percentage  of  Elongation,    ....     9.545 
Proportional  Ultimate  Kesilience,    .  16.86 


No.  398. — In  service  from  January,  1871,  to  March,  1877  ;  six  years,  two  months.  Was 
in  north  track  on  4°  curve,  110  feet  west  of  M.  P.,  12  from  Pittsburgh.  Ton- 
nage, 27,296,043  to7is. 


Chemical  Analysis. 

Carbon, 0.225 

Phosphorus,  .  . 
Manganese,  .  , 
Silicon,      .     .     , 


Total  Hardeners, 
"      in  P.  units 


111 
318 
016 


.670 
25.8 


Physical  Tests. 

Angle  of  Torsion, 130° 

Moment  of  Torsion, 282 

Tensile  Strength  at  Rupture,    .     .     .  66,270 
"  "         "  Elastic  Limit,     .  27,025 

Percentage  of  Elongation,    ....  22.586 
Proportional  Ultimate  Resilience,    .  28.93 
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No.  413. — In  service  from  June,  1867,  to  October,  1876  ;  nine  years,  four  months.  Was 
in  single  track  on  8°  40'  curve,  at  west  end  of  Schuylkill  Bridge,  Del.  Ex. 
B.B.     Tonnajre,  36,901,508  <ons. 


Chemical  Analysis. 

Carbon, 0.233 

Phosphorus, 041 

Manganese, 208 

Silicon, .074 

Total  Hardeners,     .     .       .556 
"     in  P.  units,    .     .  19.7 


Physical  Tests. 

Angle  of  Torsion, 175° 

Moment  of  Torsion, 280 

Tensile  Strength  at  Rupture,  .     .     .  65,800 
"  Elastic  Limit,    .  28,435 
Percentage  of  Elongation,  ....  38.239 
Proportional  Ultimate  Resilience,    .  39.49 


No.  414. — In  service  from  May,  1867,  to  November,  1876  ;  nine  years,  six  months.  Was 
in  west  bound  freight  track  on  tangent,  east  of  S5th  Street  Bridge,  West 
Philadelphia.     Tonnage,  34,839,538  tons. 


Chemical  Analysis. 

Carbon, 0.309 

Phosphorus, 058 

Manganese, 326 

Silicon, .030 

Total  Hardeners,     .     .       .723 
"     in  P.  units,    .     .  24.1 


Physical  Tests. 

Angle  of  Torsion, 

Moment  of  Torsion,    .... 
Tensile  Strength  at  Rupture,   . 

"  "         "  Elastic  Limit 

Percentage  of  Elongation,    .     , 
Proportional  Ultimate  Resilience, 


148° 
292 
68,620 
27,730 
28.514 
35.86 
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No.  415. — In  service  from  ^Ipril,  1867,  to  July,  1876;  Jiiiie  years,  three  months.  Was 
in  south  track,  four  years  on  2°  curve,  and  five  years  on  tangent,  near  Marys- 
ville,  Middle  Division.     Tonnage,  48,037,879  tons. 


Chemical  Analysis. 

Carbon, 0.336 

Phosphorus, 079 

Manganese, 458 

Silicon, .061 

Total  Hardeners,     .     .       .934 
"      in  P.  units,    .     .  31.3 


Physical  Tests. 

Angle  of  Torsion, 

Moment  of  Torsion,    .... 
Tensile  Strength  at  Rupture,   . 

"  "         "  Elastic  Limit 

Percentage  of  Elongation,    .     . 
Proportional  Ultimate  Resilience, 


137° 
321 
75,435 
31,725 
24.833 
36.75 


No.  416. — In  service  from  June,  1868,  to  September,  1876 ;  eight  years,  three  mmiths. 
Was  in  south  track  on  tangent  opposite  Harrishurg  Freight  Warehouse. 
Tonnage^  47,354,754  tons. 


Chemical  Analysis. 

Carbon, 0.283 

Phosphorus,  .  . 
Manganese,  .  . 
Silicon,      .     .     . 


Total  Hardeners, 
"     in  P.  units 


114 
3.34 
030 


.761 
29.0 


Physical  Tests. 


Angle  of  Torsion, 

Moment  of  Torsion,    .... 
Tensile  Strength  at  Rupture,    . 

"  "         "  Elastic  Limit, 

Percentage  of  Elongation,    .     . 
Proportional  Ultimate  Resilience, 


127° 
289 
67,915 
28,200 
21.647 
29.87 
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No.  417. — In  service  from  December,  1867,  to  July,  1876  ;  nine  years,  six  months.  Was 
in  north  track  on  4j°  curve,  at  Jaekstown  Water  Station,  Middle  Division. 
Tonnage,  34,108,667  tons. 


CHEMicAii  Analysis. 

Carbon, 0.345 

Phosphorus,  .  , 
Manganese,  .  . 
Silicon,      .     .     . 


Total  Hardeners 
"     in  P.  units, 


075 
426 
041 


29.6 


Physical  Tests. 

Angle  of  Torsion, 

Moment  of  Torsion,    .... 
Tensile  Strength  at  Kupture,   . 

"  "         "  Elastic  Limit 

Percentage  of  Elongation,    .     . 
Proportional  Ultimate  Resilience, 


124° 
312 
73,320 
30,080 
20.722 
31.77 
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TABLE    I. 

Showing  Tonnage,  Location,  and  Besulte  of  Chemical  Analysis   of 
Twenty-five  Samjiles  of  Steel  Rails. 


,3     . 

TONNAGK. 

Location. 

C. 

P. 

Mn. 

Si. 

Total. 

Tot.  in 
Phos. 
Units. 

415 

48,037,879 

2°  C.  and  Tangent. 

0.336 

0.079 

0.458 

0.061 

0.934 

31.3 

416 

47,354,754 

Tangent. 

0.283 

0.114 

0.334 

0.030 

0.761 

29.0 

390 

47,332,411 

2°  Curve. 

0.291 

0.057 

0.354 

0.068 

0.770 

25.9 

262 

44,636,201 

9°      " 

0.337 

0.056 

0.374 

0.056 

0.823 

27.1 

413 

36,901,508 

8|°      " 

0.233 

0.041 

0.208 

0.074 

0.556 

19.7 

414 

34,839,538 

Tangent. 

0.309 

0.058 

0.326 

0.030 

0.723 

24.1 

417 

34,108,667 

4J°  Curve.  ■ 

0.345 

0.075 

0.426 

0.041 

0.887 

29.6 

392 

32,957,247 

40      (( 

0.231 

0.087 

0.364 

0.047 

0.729 

26.0 

398 

27,296,043 

40        u 

0.225 

0.111 

0.318 

0.016 

0.670 

25.8 

394 

25,043,350 

2°      " 

0.286 

0.083 

0.418 

0.023 

0.810 

27.3 

395 

24,606,889 

40      u 

0.353 

0.103 

0.576 

0.059 

1.091 

36.5 

393 

17,083,416 

Tangent. 

0.219 

0.065 

0.272 

0.028 

0.584 

20.6 

388 

37,005,142 

Tangent. 

0.303 

0.166 

0.316 

0.032 

0.817 

34.6 

389 

34,333,639 

Curve. 

0.343 

0.127 

0.670 

0.036 

1.176 

39.3 

391 

30,873,173 

4J°  Curve. 

0.294 

0.181 

0.354 

0.020 

0.849 

36.0 

397 

21,935,613 

Tangent. 

0.3G5 

0.130 

0.458 

0.020 

0.973 

35.3 

277 

16,600,728 

(( 

0.573 

0.075 

0.853 

0.182 

1.688 

52.9 

396 

13,683,266 

Unknown. 

0.350 

0.134 

0.626 

0.058 

1.168 

40.5 

8S 

10,027,131 

9°  Curve. 

0.323 

0.135 

0.522 

0.035 

1.015 

36.4 

282 

4,535,318 

Tangent. 

0.354 

0.132 

0.552 

0.050 

1.088 

38.5 

371 

2,741,056 

16°  Curve. 

0.386 

0.127 

0.380 

0.053 

0.946 

35.8 

372 

2,741,056 

17°       " 

0.416 

0.155 

0.460 

0.034 

1.065 

40.3 

373 

2,741,056 

20°       " 

0.300 

0.138 

0.412 

0.024 

0.874 

33.2 

347 

5  Days'  Service. 

Unknown. 

0.387 

0.056 

0.670 

0.035 

1.148 

•  33.6 

32 

Broke  1st  Train. 

(( 

0.359 

0.156 

0.505 

0.035 

1.055 

39.4 
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TABLE   II. 


Showing  Tonnage,  Location,  and  Results  of  Physical  Tests  of  Twenty - 
Jive  Samples  of  Steel  Rails. 


6 
•a 

14 

Tonnage. 

Location. 

r& 

a  0 
1^ 

S5 

^1 

Tensilk 

Stkungth 

AT  Elastic 

Limit. 

< 

°  a- 

is 

^1 

415 

48,037,879 

2°  C.  and  Tangent. 

137° 

321 

75,435 

31,725 

0.248 

36.75 

416 

47,354,754 

Tangent. 

127° 

289 

67,915 

28,200 

0.216 

29.87 

390 

47,332,411 

2°  Curve. 

126° 

302 

70,970 

32,900 

0.213 

31.95 

262 

44,636,201 

go        « 

Xo 

tests 

made 

of  this 

rail. 

413 

36,901,508 

8f°      " 

175° 

280 

65,800 

28,435 

0.382 

39.49 

414 

34,839,538 

Tangent. 

148° 

292 

68,620 

27,730 

0.285 

35.86 

417 

34,108,667 

4i°  Curve. 

124° 

312 

73,320 

30,080 

0.207 

31.77 

392 

32,957,247 

40      " 

151° 

294 

69,090 

30,550 

0.295 

37.24 

398 

27,296,043     ■ 

40      " 

130° 

282 

66,270 

27,025 

0.226 

28.93 

394 

25,043,350 

2°      " 

149° 

322 

75,670 

45,825 

0.288 

41.65 

395 

24,606,889 

40      It 

134° 

338 

79,430 

32,900 

0.239 

37.49 

393 

17,083,416 

Tangent. 

217° 

285 

66,975 

28,200 

0.549 

49.63 

388 

37,005,142 

« 

120° 

322 

75,670 

31,725 

1 
0.195    31.21 

389 

34,333,639 

Curve. 

121° 

320 

75,200 

30,550 

0.198 

31.02 

391 

30,873,173 

4J°  Curve. 

117° 

333 

78,255 

33,605 

0.186 

32.42 

397 

21,935,613 

Tangent. 

82° 

260 

61,100 

25,850 

0.095 

16.86 

277 

16,600,728 

a 

101° 

433 

101,755 

43,005 

0.142 

36.81 

396 

13,683,266 

Unknown. 

105° 

342 

80,370 

36,425 

0.152 

29..06 

83 

10,027,131 

9°  Curve. 

106° 

340 

79,900 

33,135 

0.155 

28.60 

282 

4,535,318 

Tangent. 

No 

tests 

made 

of  this 

rail. 

371 

2,741,056 

16°  Curve. 

85° 

342 

80,370 

47,000 

0.102 

24.68 

372 

2,741,056 

17°      " 

102° 

346 

81,310 

30,550 

0.144  '  29.26 

1 

373 

2,741,056 

20°      " 

102° 

281 

66,035 

25,850 

0.144 

23.06 

347 

5  Days'  Service. 

Unknown. 

67° 

306 

71,910 

30,550 

0.065 

16.65 

32 

Broke  1st  Train. 

(( 

111° 

333 

78,255 

30,550 

0.169 

29.80 
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TABLE   III. 

Showing    Tonnage,   Location,   Results   of   Chemical  Analysis,   and 
Physical  Tests  of  Ticentyfive  Samples  of  Steel  Rails. 


6 

<.2  2 

Location. 

C. 

P. 

Mn. 

Si. 

J  ?  SS 

lit 

^  -r. 

415 

48 

2°  C.  and  Tangent. 

.336 

.079 

.458 

.061 

31.3 

75 

32 

25 

37 

1 

416 

47 

Tangent. 

.283 

.114 

.334 

030 

29.0 

68 

28 

22 

30 

390 

47 

2°  Curve. 

.291 

.057 

.354 

.068 

25.9 

71 

33 

21 

32 

262 

45 

go         « 

.337 

.056 

.374 

.056 

27.1 

No 

tests 

made 

m 

413 

37 

81°      " 

.233 

.041 

.208 

.074 

19.7 

66 

28 

38 

39 

414 

35 

Tangent. 

.309 

.058 

.326 

.030 

24.1 

69 

28 

28 

36 

D 

o 

417 

34 

4i°  Curve. 

.345 

.075 

.426 

.041 

29.6 

73 

30 

21 

32 

o 

392 

33 

4°      << 

.231 

.087 

.364 

.047 

26.0 

69 

30 

29 

37 

0) 

u 

P5 

398 

27 

4°      " 

.225 

.111 

.318 

.016 

25.8 

66 

27 

23 

29 

394 

25 

no          (I 

.286 

.083 

.418 

.023 

27.3 

75 

46 

29 

42 

395 

25 

4°         " 

.353 

.103 

.576 

.059 

36.5 

79 

33 

24 

37 

393 

17 

Tangent. 

.219 

.065 

.272 

.028 

20.6 

67 

28 

55 

50 

- 

388 

37 

Tangent. 

.303 

.166 

.316 

.032 

34.6 

76 

32 

19 

31 

^ 

389 

34 

Curve. 

.343 

.127 

.670 

.036 

39.3 

75 

30 

20 

31 

391 

31 

4^°  Curve. 

.294 

.181 

.354 

.020 

36.0 

78 

34 

19 

32 

397 

22 

Tangent. 

.365 

.130 

.458 

.020 

35.3 

61 

26 

9 

17 

277 

17 

(( 

.573 

.075 

.853 

.182 

52.9 

101 

43 

14 

37 

i 

396 

14 

Unknown. 

.350 

.134 

.626 

.058 

40.5 

80 

36 

15 

29 

f3 

83 

10 

9°  Curve. 

.323 

.135 

.522 

.035 

36.4 

80 

33 

15 

29 

<D 

282 

5 

Tangent. 

.354 

.132 

.552 

.050 

.38.5 

No 

tests 

made 

'o5 

2 
o 

371 

3 

16°  Curve. 

.386 

.127 

.380 

.053 

35.8 

80 

47 

10 

25 

372 

3 

17°      " 

.416 

.155 

.460 

.034 

40.3 

81 

30 

14 

29 

1 

373 

3 

20°      " 

.300 

.138 

.412 

.024 

33.2 

66 

26 

14 

23 

m 

347 

0 

Unknown. 

.387 

.056 

.670 

.035 

33.6 

72 

30 

6 

17 

32 

V 

0 

OL.  V 

II.— 18 

.359 

.156 

.505 

.035 

39.4 

78 

30 

17 

30 

- 
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Table  III  contains  a  condensed  statement  of  the  results  of  chem- 
ical analysis  and  ]ihysical  tests,  together  with  the  tonnage  and  loca- 
tion of  the  twenty-five  samples  of  rails  analyzed.  As  has  been  pre- 
viously mentioned,  the  rails  analyzed  have  been  divided  into  two 
groups.  Those  which  did  not  break  or  crush  in  service  have  been 
placed  first  in  Table  III,  and  in  the  other  tables  of  this  report,  and 
embrace  the  first  twelve  samples,  down  to  and  including  No,  393. 
The  remaining  thirteen  rails  either  crushed  or  broke  in  service.  To 
a  study  of  this  statement  attention  is  now  directed.  (See  Plate  III.) 

But  first  a  brief  discussion  as  to  the  influence  of  the  various  sub- 
stances affecting  the  quality  of  steel,  viz.,  carbon,  phosphorus,  silicon, 
and  manganese,  upon  the  metal,  will  perhaps  be  in  order.  And 
here,  at  the  start,  I  should  like  to  frankly  confess  that  our  knowl- 
edge of  the  influence  of  these  substances  upon  each  other,  and  upon 
steel,  is  far  from  being  as  complete  as  we  could  wish.  How  thor- 
oughly this  lack  of  knowledge  is  recognized  may  be  inferred  from 
the  fact  that  one  of  the  important  duties  with  which  the  United 
States  Test  Commission,  organized  some  two  years  ago,  was  charged 
was  this  very  point  of  the  influence  of  the  various  impurities  which 
exist  in  iron  and  steel  upon  the  metal  and  upon  each  other  in  the 
metal.  In  view  of  this  lack  of  knowledge,  we  can  only,  as  it  seems 
to  me,  apply  what  is  already  known,  and,  at  the  same  time,  study 
the  results  which  we  ourselves  have  obtained,  with  a  view  of  deriv- 
ing from  them,  as  far  as  possible,  the  information  they  are  calculated 
to  teach.  What,  then,  is  the  influence,  so  far  as  we  know,  of  phos- 
phorus, silicon,  carbon,  and  manganese  upon  steel  rails?  Phos- 
phorus, even  in  very  small  quantities,  hardens  steel  and  makes  it 
brittle,  and,  at  the  same  time,  seems  to  render  it  especially  liable  to 
fracture  from  percussion  or  blows.  Silicon  hardens  steel  and  renders 
it  brittle,  but  in  less  degree  than  phosphorus.  Carbon  hardens  steel 
and  makes  it  brittle,  and,  at  the  same  time,  up  to  certain  limits,  adds 
to  its  strength,  but  seems  to  diminish  its  ductility  or  percentage  of 
elongation  almost  directly  in  proportion  to  the  in(Tease  in  carbon  and 
strength.  Manganese  hardens  steel  and  renders  it  brittle,  and  adds 
to  its  strength,  much  like  carbon,  but  in  less  degree,  while,  at  the 
same  time,  it  does  not  seem  to  diminish,  as  rapidly  as  carbon,  the  duc- 
tility, or  percentage  of  elongation,  proportional  to  the  increase  of 
manganese  and  strength. 

Now  it  will  be  noticed  that  it  is  said  of  each  of  these  four  sub- 
stances, phosphorus,  silicon,  carbon,  and  manganese,  that  they  hai'den 
steel  and  render  it  brittle.     Phosphorus  and  silicon  seem  to  harden 
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steel  without  adding  any  other  desirable  qualities,  except,  perhaps, 
wear;  while  carbon  and  manganese  seem  likewise  to  have  important 
influences  upon  the  strcngtii  and  ductility  of  the  metal. 

Leaving  this  point  now  for  a  moment,  let  us  examine  what  quali- 
ties a  steel  rail  needs  to  possess.  A  steel  rail,  as  it  seems  to  me,  like 
every  other  piece  of  metal  which  is  subject  on  the  one  hand  to  strain, 
and  on  the  other  to  abrasion  or  rcear,  has  two  things  to  avoid.  On 
the  one  hand,  it  must  not  be  so  hard  and  brittle  as  to  break  under 
the  strain  or  blows  to  which  it  is  to  be  subjected  ;  while  on  the  other, 
it  must  not  be  so  soft  as  to  yield  too  rapidly  to  the  abrasive  action 
which  it  is  to  be  called  upon  to  withstand.  If,  now,  this  reasoning 
be  correct,  and  if  the  influence  which  we  have  ascribed  to  the  carbon, 
phosphorus,  manganese,  etc.,  be  such  as  they  actually  possess,  it 
would  seem  that  we  ought  to  find,  by  a  study  of  the  results  of  the 
chemical  analyses' — since  the  series  analyzed  embrace  rails  which 
have  been  broken  or  crushed  in  service,  as  well  as  those  which  have 
endured  long  and  hard  service — I  say  it  would  seem  that  we  ought 
to  find  what  amount  of  these  hardeners  or  brittle-makers  is  so  great 
that  the  rails  have  a  tendency  to  break  or  crush  in  service;  and  this 
point  being  known,  it  is  obvious  that  to  get  the  most  satisfactory 
wear,  it  is  only  necessary  to  have  the  rails  as  hard  as  they  can  be 
made  with  safety.  In  other  words,  if  the  limit  of  hardeners  or 
brittle-makers  is  known,  it  is  obviously  good  policy  to  make  our  rails 
approach  this  limit  as  closely  as  possible.* 

A  word  now  as  to  the  method  of  studying  the  hardeners.  If  we 
take  any  single  hardener  and  follow  it  through  the  series,  regarding 
it  alone  as  to  its  influence  on  the  steel,  we  will  usually  find  that  the 
principal  thing  that  we  will  learn  will  be,  that  if  any  one  of  these  hard- 
eners is  very  high  the  rail  broke  in  actual  service.  We  will  also 
learn  that  in  the  twelve  rails  which  did  not  break  or  crush  in  service, 
the  average  of  the  carbon  is  0.287  per  cent.,  while  in  those  which  did 
break  or  crush  in  service,  it  is  0.366  per  cent. ;  while  in  the  eleven 
rails  which  withstood  the  highest  tonnage,  the  average  carbon  is  0.30 
per  cent.  Also,  that  in  the  twelve  rails  which  did  not  break  or  crush 
in  service,  the  average  of  the  ])hosphorus  is  0.077  per  cent. ;  while  in 

*  In  connection  with  this  paragraph,  upon  the  relation  between  the  hardness 
and  wearing  quality  of  steel,  I  would  like  to  call  attention  to  a  more  full  discus- 
sion of  this  question  in  a  paper  in  these  Transactions  under  the  title,  "  Does  the 
Wearing  Power  of  Steel  Rails  Increase  with  the  Hardness  of  the  Steel  ?"  (p.  202). 
As  will  be  seen  there,  the  reasoning  given  above  does  not  seem  to  be  fully  sus- 
tained by  the  facts  in  the  case.     (Oct.  12th,  1878.) 
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those  rails  which  did  break  or  crush  in  service,  the  average  of  the 
phosphorus  is  0.132  per  cent.  And  just  here  I  may  be  permitted  to 
call  attention  to  what  seems  to  me  a  very  sio;nificant  fact,  viz.,  that 
in  every  case  in  which  the  phosphorus  is  above  0.12  per  cent,  the 
rail  either  broke  or  crushed  in  service.  We  will  also  learn  by  in- 
specting the  analyses  as  to  single  elements,  that  the  average  manga- 
nese in  the  rails  which  did  not  crush  or  break  is  0.369  per  cent. ; 
while  the  average  in  those  which  did  crush  or  break  is  0.521  per  cent., 
and 'that  the  average  silicon  in  the  unbroken  rails  is  0.044  per  cent., 
while  in  the  broken  or  crushed  rails  it  is  0.047  per  cent. 

But  it  seems  to  me  that  the  true  way  to  study  the  influence  of  the 
carbon,  phosphorus,  etc.,  upon  steel  is  not  to  regard  each  one  sepa- 
rately, but  since  all  are  known  to  render  steel  hard  and  brittle,  to 
consider  them  all  as  hardeners  or  brittle-makers,  and  study  them  in 
connection  with  each  other.  There  are  two  ways  in  which  this  may 
be  done. 

1.  We  may  simply  add  together  the  percentages  of  carbon,  phos- 
phorus, silicon,  and  manganese,  as  they  are  given  in  the  analyses,  the 
sum  obtained  being  regarded,  of  course,  as  a  comparative  measure 
of  the  hardness  of  the  steel.  Doing  this,  we  find  that  the  aver- 
age sum  of  these  constituents  in  those  rails  which  did  not  break  or 
crush  in  service  amounts  to  0.778  per  cent. ;  while  in  those  rails 
which  did  crush  or  break  it  is  1.030  per  cent.  It  would,  therefore, 
almost  seem  fair  to  conclude  that  we  cannot  with  safety  have  the  total 
sum  of  the  carbon,  phosphorus,  silicon,  and  manganese  in  our  rails  as 
high  as  one  per  cent. 

2.  There  is  another  way  of  looking  at  these  results  of  analysis 
which  seems  to  lead  to  even  better  results  than  are  obtained  by  sim- 
ply adding  together  the  percentages  of  the  hardeners.  It  is  a  ques- 
tion which  has  been  somewhat  discussed  among  metallurgists,  how 
much  carbon,  for  example,  would  have  the  same  influence  in  ren- 
dering a  steel  hard  and  brittle  as  0.01  per  cent,  of  phosphorus.  Or 
again,  how  much  silicon  or  manganese  would  have  the  same  influ- 
ence in  this  respect  as  0.01  per  cent,  of  phosphorus.  I  am  not  aware 
that  any  definite  relations  have  ever  been  discovered  between  these 
substances  in  this  respect ;  but  it  is,  of  course,  evident  if  we  wish  to 
express  numerically  the  hardness  of  steel  as  derived  from  its  chemical 
composition,  we  must  estimate  the  influence  of  each  of  the  hardeners 
in  the  same  unit.  Now  I  have  assumed  0.01  per  cent,  of  phospho- 
rus as  the  unit  of  measurement,  and  have  called  this  0.01  per  cent, 
a  phosphorus  unit.     I  have  likewise  assumed  that  0.02  per  cent,  of 
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silicon,  0.03  per  cent,  of  carbon,  and  0.05  per  cent,  of  manganese 
have  each  the  same  influence  in  rendering  a  steel  hard  and  brittle  as 
0.01  per  cent,  of  ])hospiiorns.  In  any  analysis  of  steel,  therefore,  the 
phosphorus  units  are  found  by  adding  together  the  phosphorus,  ^  the 
silicon,  J  the  carbon,  and  J-  the  manganese,  expressed  in  hundredths 
per  cent.  Applying  these  data  to  the  chemical  analyses  of  the  series 
wc  find  that  the  average  sum  of  the  hardeners — expressed  in  phos- 
phorus units — in  the  rails  which  did  not  break  or  crush  in  service  is 
27,  while  the  average  sum  of  those  which  did  break  or  crush  is  38. 
Examining  now  Table  III  a  little  in  detail,  we  find  that  with  one 
exception,  No.  395,  the  total  sum  of  the  phosphorus  units  in  the 
good  rails  in  no  case  exceeds  31,  while  most  of  them  are  29  or  below; 
and  when  we  examine  those  rails  which  either  crushed  or  broke  in 
service,  in  no  case  is  the  total  sura  of  the  phosphorus  units  less  than 
33.  It  would  almost  seem  fair  to  conclude,  therefore,  that  measured 
in  phosphorus  units,  in  the  manner  described,  we  cannot  have  rails 
whose  total  sum  of  hardeners  in  phosphorus  units  is  over  31  or  32. 
Now,  as  has  already  been  stated.  I  think  no  one  will  affirm  that  for 
successful  wear  the  hardeners  should  be  lower  than  is  consistent  with 
safety.*  But  in  tiie  rails  which  have  not  broken  or  crushed  in  ser- 
vice we  find  only  one,  No.  395,  whose  sum  of  hardeners  is  over  31. 
Therefore,  measured  -in  phosphorus  units,  it  seems  clear  that  the  sum 
of  the  hardeners  in  rails  for  use  on  the  Pennsylvania  Railroad  should 
not  vary  far  from  30.  The  "total  hardeners"  and  "phosphorus 
units"  given  in  the  pages  of  this  report,  which  contain  the  diagrams 
of  the  rails  analyzed,  are  obtained  in  the  manner  described  above. 

And  now,  how  shall  the  hardeners  be  distributed  ?  It  has  already 
been  mentioned  that  in  every  case  where  the  phosphorus  is  above 
0.12  per  cent.,  the  rail  eitiier  crushed  or  broke  in  service.  Exam- 
ining the  phosphorus  in  rails  whjch  did  not  crush  or  break  in  ser- 
vice, we  find  that  in  no  case  is  it  above  O.lli  per  cent.,  while  in 
almost  every  case  it  is  below  0.09  per  cent.  Remembering  now  that 
phosphorus  makes  steel  brittle  and  especially  liable  to  fracture  from 
blows,  and  it  would,  perhaps,  seem  fair  to  place  the  limit  of  phos- 
phorus at  0.10  per  cent.  As  to  silicon,  the  less  in  the  rail  the  better. 
Nevertheless,  as  by  the  Bessemer  process  it  is  impossible  to  make 
rails  entirely  free  from  silicon,  a  small  limit  must  be  allowed  for  it. 
As  the  process  is  ordinarily  worked,  perhaps  0.01  per  cent,  will  not 
be  too  high  a  limit. 


*  See  note  to  page  195. 
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The  ability  of  rail-manufacturers  to  control  the  amount  of  carbon 
and  manganese  in  the  steel,  requires  a  little  broader  limits  for  these 
two  elements.  If,  now,  we  place  the  carbon  at  0.25  per  cent, 
to  0.35  per  cent.,  and  the  manganese  at  from  0.30  per  cent,  to 
0.40  per  cent.,  and  are  able  to  obtain  rails  on  this  formula,  wliich 
are  not  injured  or  spoiled  during  the  manufacture,  I  think  we  will 
get  rails  which  M-ill  be  entirely  safe,  and,  at  the  same  time,  give 
satisfactory  wear.  The  sum  of  the  hardeners,  measured  in  phos- 
phorus units,  for  the  limits  of  the  formula,  amounts  to  26  for  the 
lower  limits  of  carbon  and  manganese,  and  to  32  for  the  higher.  In 
view  of  the  tendency  to  higher  carbon  which  has  seemed  to  prevail 
for  a  few  years  past  in  rail  manufacture,  it  may  appear  that  the  carbon 
limits  given  above  are  low.  But  that  this  is  correct  will,  I  think,  be 
evident  from  the  considerations  which  follow.  Of  course  if  we  could 
make  a  formula  just  as  we  would  like,  it  would,  perhaps,  be  entirely 
scientific  to  take  the  average  of  the  carbon,  phosphorus,  manganese, 
etc.,  in  the  best  rails  as  the  standard  for  this  formula.  Doing  this  for 
the  rails  which  did  not  crush  or  break  in  service  we  have,  carbon, 
0.287  per  cent.  ;  phosphorus,  0.077  per  cent.;  manganese,  0.369  per 
cent. ;  silicon,  0.044  per  cent. ;  and  the  same  for  the  eleven  rails 
which  withstood  the  highest  tonnage,  we  have,  carbon,  0.30  per  cent. ; 
phosphorus,  0.091  per  cent. ;  manganese,  0.38  per  cent, ;  silicon, 
0.045  per  cent.  But  in  view  of  the  difficulty  of  obtaining  low 
phosphorus  in  this  country,  we  have  put  it  as  high  perhaps  as  it 
should  be,  viz.,  0.10  per  cent.  If,  now,  we  make  high  carbon,  we 
must  diminish  the  manganese,  or  our  total  hardeners  will  be  too 
high.  That  carbon  shoul^  not  be  increased  at  the  expense  of  man- 
ganese will,  I  think,  be  evident  from  an  examination  of  the  formula 
given  just  above,  derived  from  the  average  composition  of  the  best 
rails,  as  well  as  the  separate  analyses  in  Table  III. 

Both  the  formulas  given  above  show  the  carbon  to  be  lower  than 
the  manganese,  and  both  are  within  the  limits  which  we  have  given 
for  carbon  and  manganese,  viz.,  0.25  per  cent,  to  0.35  per  cent,  for 
carbon,  and  0.30  per  cent,  to  0.40  per  cent,  for  manganese.  Again, 
in  the  separate  analyses  of  the  rails  which  did  not  crush  or  break  in 
service,  in  only  one  case,  No.  413,  is  the  carbon  higher  than  the 
manganese.  Moreover,  if  the  influence  which  we  have  ascribed  to 
manganese,  viz.,  that  it  increases  strength  and  hardness  of  steel 
without  diminishing  elongation  as  much  as  carbon  would  do,  be 
correct,  the  rails  which  we  get  on  a  formula  in  which  manganese  is 
higher  than  carbon,  will  be  less  liable  to  break  or  crush  in  service, 
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and  at  the  same  time  will,  perhaps,  give  as  satisfactory  wear  as  if  the 
carbon  had  been  increased  and  the  manganese  diminished. 

II.      PHYSICAL   TESTS    AND   INSPECTION. 

The  question  now  arises  what  physical  tests  and  inspection  shall 
the  Pennsylvania  Railroad  Company  prescribe  to  the  rail  manufac- 
turers to  enable  it  to  secure  rails  uniform  in  quality? 

The  inspection  which  is  at  present  employed  seems  to  be  amply 
suflicicnt  to  enable  us  to  discard  rails  whose  defects  are  evident  to 
the  eye.  The  question  as  to  physical  tests  is  not  so  easily  answered. 
Nevertheless,  three  methods  of  applying  physical  tests  suggest  them- 
selves. 

1.  The  bending  test  now  in  use.  It  seems  to  me  fatal  to  this 
test  as  at  present  conducted  that  the  test  bar,  f  inch  square  by  12 
inches  long,  is  hammered  out  from  a  piece  of  the  rail.  It. is  con- 
ceded, I  think,  that  in  proper  hands  a  piece  of  steel  is  changed  by 
hammering.  We  are,  therefore,  not  testing  the  steel  in  the  rails, 
but  a  different  quality  of  steel.  If  the  present  bending  test  is  to  be 
continued,  I  would  suggest  that  the  test-bar  be  cut  from  the  rail 
head,  instead  of  hammered  from  it. 

2.  The  drop  test.  This  test  was  in  use  for  some  time  on  the 
road  to  determine  the  quality  and  uniformity  of  the  rails  purchased. 
With  regard  to  this  test  it  may  be  said  that  unless  the  foundations 
are  very  solid,  much  of  the  force  of  the  blow  is  lost;  so  that  a  rail 
tested  under  a  rickety  drop  might  stand  the  prescribed  test,  which, 
under  a  firm  one  would  yield.  It  would  seem,  therefore,  that  the 
drop  test,  without  extreme  care  and  inspection  on  the  part  of  the 
railroad  company  to  hold  the  rail  manufacturers  up  to  specifications 
would  give  erroneous  results.  It  is  due  to  this  reason,  as  I  under- 
stand, that  the  drop  test  was  abandoned. 

3.  Still  another  method  of  testing  our  rails  suggests  itself,  and 
that  is  to  ask  the  rail  manulacturers  to  provide  themselves  with  and 
use  the  same  kind  of  machine  upon  which  the  physical  tests  of  the 
series  of  rails  analyzed  have  been  made,  viz.,  Thui-ston's  Torsional 
Testing  Machine.  That  this  would  be  the  most  valuable  method  of 
securing  uniformity  in  the  rails  furnished  us,  will  be  evident,  it 
seems  to  me,  from  a  study  of  the  physical  tests  in  Table  III.  It  should 
be  stated  here  that  of  all  the  data  furnished  by  this  machine,  in  re- 
gard to  the  physical  qualities  of  metal  (which  data  are  given  in  full  for 
record,  in  connection  with  the  analyses,  in  the  preceding  pages,  and 
are  tabulated  in  Table  II),  we  have  selected  out  two,  viz.,  tensile 
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strength  and  percentage  of  elongation,  as  best  expressing  the  value 
of  the  steel  with  our  present  knowledge  of  the  subject.  It  should 
also  be  stated  that  the  tensile  strength  given  in  this  report  is  ^^q\  of 
that  obtained  by  the  formula  for  determining  the  tensile  strength 
which  accompanies  the  machine,  this  being  found  by  comparative 
tensile  and  torsion  tests  to  most  nearly  express  the  tensile  strength 
of  this  grade  of  steel. 

Turning;  now  our  attention  to  Table  III  to  the  rails  which  crushed 
or  broke  in  service,  and  noting  that  in  the  case  of  No.  397  the  test 
is  not  very  reliable  on  account  of  inability  to  secure  a  full-size  test 
piece  from  the  rail  sent  for  analysis,  we  find  that  in  every  case  ex- 
cept two,  Xo.  373  and  No.  347,  the  tensile  strength  of  these  rails  is 
75,000  pounds  or  above  per  square  inch,  while  the  percentage  of 
elongation  is  20  per  cent,  or  below.  Turning,  now,  to  the  rails  which 
did  not  break  or  crush  in  service  we  find,  with  the  single  excep- 
tion of  No.  395,  the  tensile  strength  is  between  65,000  pounds  and 
75,000  pounds  per  square  inch,  while  the  percentage  of  elongation 
is  21  per  cent.,  or  above.  If,  therefore,  we  had  had  specifications 
that  our  rails  should  have  a  tensile  strength  above  65,000  pounds 
per  square  inch,  and  a  percentage  of  elongation  above  20  per  cent., 
as  determined  by  the  machine  referred  to,  a  simple  inspection  of 
Table  III  shows  conclusively  that  we  would  have  been  able  to  reject 
every  rail  in  this  series  which  has  crushed  or  broken  in  service.  The 
same  facts,  and  especially  the  defective  elongation  of  the  rails  which 
broke  or  crushed  in  service,  is  made  evident  to  the  eye  by  an  inspec- 
tion of  the  accompanying  diagrams  of  tests  of  the  rails  analyzed  and 
described  in  this  report,  and  from  which  the  physical  tests  given  in 
this  report  were  computed. 

In  view  of  the  discussion  and  considerations  given  above,  it  seems 
fair  to  conclude: 

1.  That  with  our  present  metallurgical  methods  high  phosphorus 
in  rails  is  inconsistent  with  safety. 

2.  That  silicon  should  be  as  low  as  is  consistent  with  the  success- 
ful working  of  the  Bessemer  process. 

3.  That  the  best  range  for  carbon  is  0.25  per  cent,  to  0.35  per 
cent. 

4.  That  the  best  range  for  manganese,  all  things  considered,  is 
from  0.30  per  cent,  to  0.40  per  cent. 

5.  That  the  sum  total  of  the  hardeners,  expressed  in  phosphorus 
units  in  the  manner  described,  should  not  be  above  31  or  32,  nor 
below  25. 
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6.  That  the  tensile  strength  of  rails  for  use  on  the  Pennsylvania 
Railroad,  determined  in  the  manner  described  in  this  report,  shonld 
be  above  65,000  pounds  per  square  inch,  and  that  the  percentage 
of  elongation  determined  in  the  same  manner  should  be  above  20 
per  cent. 

I  would,  therefore,  respectfully  recommend  that  the  following 
formula  be  prescribed  for  the  chemical  composition  of  rails  for  the 
use  of  the  Pennsylvania  Railroad,  viz.: 

Phosphorus,  not  above        .......     0.10  per  cent. 

Silicon,  not  above        ........     0.04  '• 

Carbon,  between  0.20  and  0.35  per  cent,  with  an  aim  at    .     0.30  " 

ilanscanese,  between  0.30  and  0.40  per  cent,  with  an  aim  at     0.35  " 

Sulphur  and  copper,  ......       No  specifications. 

Ail  other  impurities,  not  more  than  traces. 

Also,  that  the  rail  manufacturers  be  requested  to  procure  one  of 
Prof  R.  H.  Thurston's  Torsional  Testing  Machines,  and  to  furnLsh 
test  pieces  from  each  "  blow,"  ready  for  testing  to  our  Rail  Inspec- 
tor or  other  person  authorized  to  attend  to  that  work,  who  shall 
test  the  same  on  this  machine,  and  that  we  shall  be  at  liberty  to 
reject  all  "'  blows"  which  do  not  conform  to  the  physical  tests,  shown 
to  be  esisential  in  the  body  of  this  report. 

And  I  would  also  recommend  that  the  rail  manufacturers  be  in- 
formed that  we  feel  ourselves  at  liberty,  at  any  time,  to  make  chem- 
ical analyses  of  the  rails  furnished  us,  and  if  the  rails  are  found  to 
differ  from  the  above  specifications,  it  will  be  regarded  as  a  breach 
of  contract  and  a  proper  subject  for  adjudication. 
Very  truly  yours, 

Charles  B.  Dudley, 

Altooxa,  November  13th,  1877.  Chemist,  Penna.  Railroad  Co. 
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DOES  THE  WEATtlXG  POWEE  OF  STEEL  BAILS  INCBEASE 
WITH  THE  HABBNESS  OF  THE  STEEL .? 


BY   CHAS.    B.    DUDLEY,  PH.D.,  CHEMIST,  PElSrXSYLYAKIA   RAILROAD   CO., 

ALTOO:S^A,    PA. 

While  working,  during  the  summer  of  1877,  upon  the  "  Chemical 
Composition  and  Physical  Properties  of  Steel  Rails,"  the  results  of 
whicli  are  given  in  my  report  with  this  title,  I  was  struck  with  the 
surprising  wear  which  some  of  the  rails,  which  would  ordinarily  be 
called  soft  rails,  had  endured.  At  that  time  I  knew  of  no  chemical 
measure  of  softness  except  low  carbon,  and  I  found  that  a  number 
of  rails  with  low  carbon  had  endured  as  high  or  higher  tonnage, 
with  apparently  as  little  loss  of  metal  by  wear,  as  those  with  higher 
carbon.  My  own  work  on  steel  rails  that  summer  did  not  embrace 
any  definite  experiments  as  to  the  amount  of  metal  worn  off  the  rail 
per  million  tons  vrhich  had  passed  over  it ;  and  so  I  could  get  no 
more  definite  answer  from  that  work,  to  the  question  at  the  head  of 
this  paper,  than  was  given  by  comparing  the  appearance  of  the  worn 
section  of  the  rail  with  its  tonnage.  This  comparison,  however, 
served  to  arouse  in  my  mind  the  query,  whether  the  commonly 
received  opinion  as  to  the  relation  between  the  hardness  and  wearing 
power  of  steel  is  correct,  as  applied  to  steel  rails.  This  opinion,  if 
I  am  right,  is:  the  harder  the  steel,  the  better  will  be  the  wear,  and 
the  limit  of  hardness  is  simply  one  of  safety ;  hard,  brittle  steel  being, 
of  course,  more  liable  to  break  than  soft,  tough  steel.  The  query, 
although  aroused,  did  not  bear  any  immediate  fruit,  and,  as  will  be 
evident  to  any  one  reading  it,  the  report  above  referred  to  was 
written  with  the  commonly  received  opinion  in  mind.  Since  that 
time  I  have  collected  a  little  information  upon  this  subject,  which  I 
should  be  glad  to  submit  to  the  Institute,  if  for  no  other  purpose, 
for  the  sake  of  arousing  attention,  and  directing  study  to  the  question 
of  hardness  versus  wear  in  steel  rails. 

Before  making  known  this  information,  hov/ever,  permit  me  a  few 
words  in  reference  to  hardness.  How  shall  we  measure  the  hardness 
of  steel?  Of  the  various  ways  of  getting  indications  as  to  the  hard- 
ness of  steel,  which  are  known,  three  will  serv'e  our  present  purpose. 
These  are:  1st.  High  carbon.  It  is  generally  agreed,  I  think,  that 
at  least  within  proper  limits,  the  greater  the  amount  of  combined 
carbon  in  a  piece  of  steel,  the  harder  the  steel,  and  I  need  not  do 
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more  than  mention  this  fact  to  obtain  your  assent  to  it.  2d.  The 
physical  test  of  puncliing  measures  the  hardness  of  steel.  Data  in 
regard  to  the  wearing  power  of  hard  and  soft  rails,  determined  in 
this  way,  will  be  given  below.  3d.  The  sum  of  the  phosphorus 
units  in  a  piece  of  steel  measures  its  hardness.  Phosj)horus  units,  as 
is  fully  described  in  my  report  above  referred  to,  are  an  attempt  to 
measure  the  hardness  of  steel  by  estimating  the  combined  hardening 
power  of  the  phosphorus,  silicon,  carbon,  and  manganese  in  a  ])iece  of 
steel,  in  terms  of  the  phosphorus.  Now,  by  measuring  hardness  in 
these  three  ways,  I  have  been  able  to  collect  the  following  informa- 
tion with  regard  to  the  relation  between  the  hardness  and  wearing 
power  of  steel  rails. 

1.  Some  two  years  ago  the  Pennsylvania  Railroad  Company,  in 
view^  of  the  unsatisfactory  wear  it  was  obtaining  from  steel  rails, 
asked  to  have  more  carbon  put  into  its  rails,,  with  a  view  of  making 
them  harder,  to  resist  wear.  Before  the  increase,  the  limits  of  carbon 
for  rails  to  be  used  on  the  Pennsylvania  Railroad  was  from  0.30  to 
0.50  per  cent.  After  the  increase,  the  limits  were  from  0.40  to  0.50 
per  cent.,  thus  securing  on  the  average  perhaps  about  a  tenth  of  a 
per  cent,  more  carbon  in  the  steel.  Now,  Mr.  W.  H.  Brown,  Chief 
Engineer,  Maintenance  of  Way,  Pennsylvania  Railroad,  informs  me 
that  these  rails  of  higher  carbon  are  giving  poorer  wear  than  those 
made  before  the  lower  limit  of  carbon  w^as  raised.  This  opinion  of 
Mr.  Brown  is  based  on  his  observation  of  the  Avear  of  these  hiirher 
carbon  rails,  and  on  the  number  of  renewals  of  these  rails  rendered 
necessary  by  the  condition  of  the  track. 

2.  Mr.  J.  T.  Smith,  General  Manager  of  the  Barrow  Haematite 
Steel  Works,  England,  read  a  paper  on  "  Bessemer  Steel  Rails," 
before  the  Institution  of  Civil  Engineers,  in  1875.*  The  object  of 
the  paper  was  to  show  that  Bessemer  steel  may  be  produced  constant 
in  quality,  and  that  certain  inexpensive  tests  may  be  applied,  which 
shall  determine  the  quality  of  the  metal  for  railway  purposes.  The 
test  proposed  by  Mr.  Smith  was  to  punch  the  fish-plate  holes  with  a 
registering- press,  the  qualit}-  of  the  metal  being  judged  of  by  the 
force  required  to  punch  the  holes.  This  would  render  it  possible  to 
inspect  and  judge  of  the  quality  of  every  rail.  I  must  refer  you  to 
Mr.  Smith's  j)aper  for  further  information  upon  this  point. 

Tiie  point  which  is  of  especial  interest  to  us  now  is  that  Mr. 
Smith  examined  thirty  rails  which  had  been  eight  years  in  service 

*  Proceedings  Inst.  Civil  Eng.,  vol.  xlii,  p.  69. 
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on  the  main  line  of  the  Furness  Railway.  The  rails  were  divided 
into  two  classes,  on  the  basis  of  the  force  required  to  punch  a  hole 
|th  of  an  inch  in  diameter,  through  the  web  fth  of  an  inch  thick. 
Twenty  of  the  rails  required  for  this  purpose  a  force  varying  from 
46J  tons  to  52|tons,  and  were  tiierefore  called  soft  rails;  while  the 
remaining  ten  rails  required  for  the  same  purpose  a  force  varying 
from  56f  tons  to  82J  tons,  and  were  therefore  called  hard  rails. 
The  average  force  required  to  punch  the  soft  rails  was  about  49  tons, 
while  for  the  hard  rails  this  average  force  was  about  64|  tons.  Mr. 
Smith  likewise  gives  the  determinations  of  the  carbon  in  these  rails. 
In  the  twenty  soft  rails  the  carbon  varied  from  0.28  to  0.32  per 
cent.,  or  an  average  of  0.30  per  cent.,  while  in  the  hard  rails  the 
carbon  varied  from  0.36  to  0.57  per  cent.,  with  an  average- of  0.44 
per  cent.  Now  as  to  the  wear  of  these  rails.  The  wear  seems  to 
have  been  determined  by  taking  the  difference  between  the  original 
weight  of  the  rail  per  yard  and  the  weight  per  yard  of  the  worn 
rail,  and  then  reducing  this  to  the  percentage  of  the  metal  worn 
off.  In  the  twenty  soft  rails,  this  percentage  of  wear  varied  from 
10. yS  to  16.24  per  cent.,  witli  an  average  wear  of  13.54  per  cent., 
while  in  the  ten  hard  rails  the  percentage  of  wear  varied  from  12  to 
20.53  per  cent.,  with  an  average  of  15.18  per  cent.  These  figures 
seem  to  me  very  significant,  and  to  warrant  Mr.  Smith  in  the  conclu- 
sion which  he  expresses,  viz. :  "  Contrary  to  what  might  have  been 
anticipated,  greater  hardness  has  not  conduced  to  the  longevity  of 
the  rails,  and  the  softer  ones  show  the  minimum  of  wear." 

3.  With  regard  to  the  wear  of  rails,  in  which  the  hardness  is 
measured  in  phosphorus  units.  On  May  23d,  1876,  Mr.  R.  Price 
Williams  read  a  paper  before  the  Institution  of  Civil  Engineers,  on 
"  The  Permanent  Way  of  Railways.""^  In  his  investigation  into  the 
subject  of  steel  rails,  Mr.  Williams  found  such  a  surprising  difference 
in  the  wear  of  cetain  rails  which  were  side  by  side,  and  therefore 
subjected  to  the  same  traffic,  that  he  had  seven  of  these  rails  from 
the  Great  Northern  Railway  analyzed  by  Mr.  Edward  Riley.  The 
results  as  to  wear  are  given  in  number  of  million  tons  of  traffic  per 
y'g  inch  worn  off  the  rail.  Four  of  these  seven  rails,  measured  in 
phosphorus  units,  sum  up  31,  30,  32,  and  25,  and  may  therefore  be 
called,  in  comparison  with  the  others,  soft  rails.  The  remaining 
three  rails  sum  up,  in  phosphorus  units,  38,  40,  and  47,  and  may  be 
called  hard  rails.     The  rails  are  numbered,  in  Mr.  Williams's  series, 

*  Proceedings  Inst.  Civil  Eng.,  vol.  xlvi,  p.  147. 
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Nos.  9,  17,  18,  21,  22,  23,  and  24.  Nos.  17  and  18  were  side  by 
side,  and  subjected  to  the  same  traffic.  The  phosphorus  units  in  No. 
17  are  38,  and  in  No.  18,  30,  one  hard  and  one  soft,  as  is  seen.  The 
hard  rail  withstood  5,251,000  ton  per  ,'g  incli  wear,  while  the  soft 
one  withstood  8,402,000  tons  per  y'^,  inch  wear.  Again,  Nos.  23 
and  24  were  side  by  side.  The  phosphorus  units  in  No.  23  were  47, 
and  in  No.  24,  25,  one  hard  and  one  soft,  as  before.  The  hard  rail 
withstood  15,531,000  tons  per  ,'g  inch  wear,  while  the  soft  rail  with- 
stood 31,061,000  tons  per  y'g  inch  wear.  In  Nos.  21  and  22,  which 
were  side  by  side,  the  hard  rail  shows  a  little  the  best  wear,  the 
figures  being  9,283,000  tons  per  y'g  inch  wear,  for  the  hard  rail,  and 
7,67(5,000  tons  per  y'g  inch  wear  for  the  soft  rail.  If  now  we  take 
the  average  of  the  tonnage  per  y'g  inch  wear  for  the  three  hard  rails 
and  the  four  soft  ones,  the  result  becomes  quite  striking.  The  four 
soft  rails  withstood  an  average  tonnage  of  15,567,000  tons  per  y'g 
inch  wear,  while  the  three  hard  rails  withstood,  on  the  average,  only 
10,055,000  tons  per  j\  inch  of  the  metal  worn  ofif.  The  chemical 
composition  of  the  one  rail  of  this  series,  wdiich  withstood  the  higiiest 
tonnage,  viz.,  31,061,000  tons  per  y'g  inch  wear,  is  so  remarkable 
that  I  cannot  forbear  quoting  the  full  analysis.  This  rail  sums  up 
25  in  phosphorus  units,  and  contains :  carbon,  0.270  per  cent. ; 
phosphorus,  0.100  per  cent. ;  silicon,  0.020  per  cent. ;  manganese, 
0.259  per  cent. ;  sulphur,  0.051  per  cent. ;  copper,  0.025  per  cent. ; 
and  iron,  99.475  per  cent. 

If  enough  has  been  said  on  this  subject  to  direct  attention  to  it, 
my  object  will  have  been  accomplished.  It  is  perhaps  too  soon  to 
venture  conclusions.  The  indications  would  seem  to  be,  however, 
that  under  the  conditions  of  wear  to  which  a  steel  rail  is  subjected, 
viz.,  rolling  friction,  unlubricated  surfaces,  and  great  weight  with 
small  bearing  surface,  the  quality  of  the  metal  neccessary  to  most 
successfully  withstand  the  disintegrating  forces,  is  best  expressed  by 
the  word  toughness,  and  not  by  hardness. 

Altoona,  Pa.,  Oct.  12th,  1878. 
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TEE  WATEE  SUPPLY  AT  THE  BESSEMER  STEEL  WOBKS 

OF  THE  EDGAR  THOMSON  STEEL  COMPANY, 

LIMITED,  PITTSBURGH,  PENNA. 

BY  P.   BARNES,   SPRINGFIELD,   ILT.INOIS. 

(Eesident  Engineer,  1873-75. ) 

Several  statements  have  been  made  to  the  Institute,  somewhat 
detached  from  each  other,  as  to  the  cost  of  some  parts  of  these  works, 
but  they  have  not  included  any  extended  description  of  the  build- 
ings or  machinery.  The  general  plan  of  the  work  connected  with 
the  water  supply  differs,  in  some  important  details,  from  that  which 
has  been  common  either  in  the  Pittsburgh  district  or  elsewhere,  and 
a  somewhat  extended  description  may  be  of  interest  to  the  Institute, 
in  connection  with  a  note  of  the  cost  of  the  work. 

The  plan  as  a  whole,  and  nearly  all  the  important  details,  were 
developed  by  INIr.  William  P.  Shinn,  C.E.,  the  general  manager  of 
the  Company.  The  immediate  and  responsible  charge  of  the  work 
was  in  the  hands  of  Mr.  John  C.  Lewis,  C.E.,  to  whom  had  been 
committed  all  the  work  of  this  general  description,  including  the 
laying  out  of  the  whole  of  the  foundations,  the  erection  of  the  build- 
ings, and  the  trrading;  and  laving  down  of  the  entire  railroad  system. 
The  continuous  operation  of  the  machinery  and  other  fixtures  of  these 
waterworks,  for  more  than  three  years,  has  fully  demonstrated  the 
correctness  and  economy  of  the  plan  adopted.  No  casualties  of  any 
moment  have  befallen  the  apparatus,  and  no  improvements  have  been 
suggested  as  important  except  that  the  gate  at  the  river  end  of  the 
conduit  should  have  been  made  more  completely  water-tight,  so  that 
the  whole  length  of  the  conduit  could  be  pumped  out  dry  without 
resort  to  any  temporary  dam  in  the  conduit  itself 

In  general  terms  the  works  of  the  Edgar  Thomson  Company  are 
situated  on  a  plateau,  about  52  feet  above  the  low-water  level  of  the 
Monongahela  River,  and  about  2000  feet  from  its  bank.  The  site  of 
the  works  is  bordered  on  one  side  by  Turtle  Creek,  a  small  stream 
which  dmins  a  considerable  area  of  coal  mining  territory.  This 
creek  is  about  100  feet  from  the  group  of  buildings  which  have  been 
erected,  but  it  flows  into  the  Monongahela  River  at  a  point,  about 
1200  feet  further  up  than  that  selected  for  the  entrance  to  the  water- 
works conduit.  It  was  ascertained  by  analysis  that  the  water  in  the 
creek  contains  an  important  percentage  of  sulphate  of  lime,  while 
the  water  of  the  river  is   of  unusual  purity,  in  respect  of  any  salts 
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that  would  cause  incrustation  or  corrosion  in  the  boilers  or  other 
parts  of  the  machinery.  It  was,  therefore,  determined  to  go  to  the 
river-bank  for  the  water  su))ply,  and  also  to  make  in  the  conduit,  at 
a  convenient  point  close  to  the  works,  a  side  opening  through  which 
a  secondary  supply  could  be  obtained  from  Turtle  Creek,  if  at  any 
time  circumstances  should  seem  to  require  it.  This  side  opening  was 
made,  but  the  connection  to  the  creek  has  never  been  finished,  or 
brought  in  any  way  into  use. 

It  was  also  considered  that  the  distance  was  so  great  to  the  river- 
bank,  some  2000  feet,  that  any  machinery  erected  there  would  be 
entirelv  cut  off  from  a  direct  connection  with  the  otlier  machinery  or 
the  main  battery  of  boilers  at  the  works,  and  hence  it  would  have 
been  an  additional  expense  for  attendance  and  for  general  mainte- 
nance. It  was,  therefore,  determined  to  erect  the  pumping  machinery 
in  a  well  very  near  to  the  principal  boiler-house  and  the  other  build- 
ings, and  also  that  the  water  should  be  led  to  this  pump-well  by  its 
own  gravitation,  through  a  pipe  or  conduit  laid  at  such  a  depth  as 
should  permit  the  entrance  and  the  flow  of  the  water  from  the  river 
at  its  lowest  recorded  stages. 

The  use  was  thus  required  for  the  conduit  of  a  simple  glazed 
sewer  pipe  for  the  greater  part  of  the  distance,  and  of  a  plain  red 
brick  tunnel  the  rest  of  the  way.  This  heavier  tunnel  was  used  for 
a  distance  of  about  500  feet,  at  the  inner  end  of  the  conduit,  because 
of  the  probability  that  in  the  extension  of  the  works,  or  of  the  yard, 
around  the  buildings,  a  depth  of  filling  might  eventually  be  laid 
over  it  greater  than  the  strength  of  the  glazed  pipe  would  bear.  It 
became  necessary,  therefore,  to  erect  at  the  river-bank  only  such 
piers  or  bulkheads  as  should  be  sufficient  to  inclose  «nd  guard  the 
entrance  to  the  conduit  against  the  common  contingencies  of  sand  or 
mud,  of  logs  and  driftwood  generally,  and  also  the  more  serious  pos- 
sibility of  ice,  and  of  injury  from  passing  steamboats  and  coal  barges. 
It  was  found  upon  examination  tiiat  there  had  always  been  a 
slight  deflection  of  the  current  of  the  river  toward  the  bank  at  the 
point  fixed  upon  for  the  river  pier,  and  that  it  had  served  to  prevent 
anv  deposit  there  of  loam  or  sand.  There  had  also  been  found  an 
old,  abandoned  log  pier,  in  fair  state  of  preservation  below  the  water- 
level,  and  the  spot  selected  for  the  entrance  pier  was  fixed  upon 
chiefly  on  account  of  the  protection  afforded  to  it  by  the  old  pier 
from  drift-wood,  the  new  pier  being  placed  close  below  the  old  one. 
Another  reason  for  this  location,  and  a  more  important  one,  was  the 
fact  that  the  old  pier  had  been  known  for  years,  and  hence  avoided, 
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by  all  tlie  river  pilots,  and  this  fact  quite  fully  insured  the  new  pier 
aofainst  anv  damage  from  the  ordinary  naviijation  of  the  river. 

The  entrance  pier  to  the  conduit  was  bnilt  on  a  concrete  bed  laid 
in  a  small  coffer  dam  in  about  8  feet  of  water.  No  special  difficulty 
was  experienced  in  any  of  the  river  work  other  than  that  incidental 
to  the  occurrence  of  logs  and  rocks  on  the  bottom.  The  pier  itself  is 
a  hollow  block  of  cut  stone  masonry,  2  feet  square  in  the  clear  inside, 
and  18  inches  thick.  Each  course  was  made  up  of  stones  18  inches 
M'ide,  18  inches  high,  and  3  feet  6  inches  long,  and  each  course  was 
set  so  as  to  break  joints  with  the  course  beneath  it.  On  the  top 
of  the  pier  was  laid,  and  bolted  down,  a  heavy  cast-iron  plate  with 
a  hinged  door  or  lid  by  which  access  can  be  had  to  the  interior. 

On  the  down-stream  side  of  this  pier  is  an  entrance  to  the  central 
well,  covered  with  a  grating  to  exclude  drift-wood.  On  the  bank 
side  of  the  well  a  heavy  iron  gate  was  set  in  an  iron  frame  so  as  to 
close  the  entrance  to  the  conduit.  The  office  of  this  gate  is  to  shut 
out  tlie  disturbed  water  at  the  bottom  of  the  river  in  a  time  of  flood. 
As  already  noted,  it  has  been  found  that  this  gate  should  have  been 
more  accurately  fitted,  so  that  by  it  the  conduit  could  be  closed  en- 
tirely from  the  river. 

The  mouth  of  the  conduit  is  set  in  this  pier  at  a  depth  of  2  feet 
below  the  usual  summer  level  of  the  river,  and  hence  deep  enough 
to  meet  all  contingencies  of  lower  water  except  the  emptying  of  the 
slack-water  pool  of  the  river  upon  which  the  property  of  the  Com- 
pany is  situated.  It  was  found  that  this  would  occur  but  very  rarely, 
and  never  without  an  ample  notice,  and  also  that  it  would  never  con- 
tinue for  more  than  two  or  three  days  at  a  time.  Hence  it  was  de- 
termined, aftei;  making  a  careful  estimate  of  the  cost  of  supplying 
the  conduit  by  a  temporary  pump  during  such  an  emptying  of  the 
pool,  to  fix  the  entrance  to  it  at  2  feet  below  the  summer  low-water 
level. 

A  fall  of  1  inch  per  100  feet  was  fixed  upon  for  the  conduit 
toward  the  works,  and  the  pipes  were  laid  in  a  coffer-(Uxni  extend- 
ing from  the  river  pier  to  the  shore.  This  distance  is  120  feet,  and 
as  the  outer  end  of  the  conduit  is  3  feet  above  the  bottom  of  the 
river  the  pipe  was  laid  on  a  wall  of  rubble  masonry,  and  covered 
with  a  mass  of  the  same  material.  The  river  pier  stands  at  a  dis- 
tance of  150  feet  from  the  edge  of  the  beach,  which,  at  this  point,  is 
about  30  feet  wide,  and  reaches  back  to  a  sand  and  gravel  bluff, 
rising  quite  abruptly  to  a  height  of  15  feet.     From  this  bluff"  the 
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surface  of  the  ground  continues  nearly  level  for  a  distance  of  1200 
feet  toward  the  works. 

In  the  face  or  edge  of  this  bluff,  or  bank,  it  was  determined  to 
build  a  second  pier,  in  which  suitable  screens  could  be  put  to  keep 
back  all  leaves  or  chips  that  might  find  their  way  through  the  grat- 
ing at  the  river  pier.  It  was  also  considered  needful  to  provide 
thus  a  means  of  admitting  the  water  to  the  conduit  in  the  high 
stages  of  the  river,  from  a  point  near  the  surface  of  the  water. 
Hence  two  openings  were  put  in  the  face  of  this  bank  pier,  and  a 
gate  or  door  was  put  on  the  lower  one,  so  that  the  water  could  be 
shut  out  of  the  pier  when  it  had  risen  high  enough  to  flow  in  at  the 
upper  opening.  This  pier  is  19  feet  long  and  21  feet  deep  from  the 
river  face.  It  is  set  with  its  outer  face  flush  with  the  line  of  the 
bluff,  which  at  this  point  had  remained  unchanged  for  many  years. 
In  it  are  two  wells,  4  by  6  feet,  and  separated  from  each  other  by  a 
24-inch  brick  wall,  which  extends  the  whole  height  of  the  pier.  On 
each  face  of  this  wall  is  fitted  a  grooved  iron  rail  by  which  a  screen-box 
is  guided  from  the  top  to  the  bottom  of  the  well.  The  M^ater  enters 
the  outer  well  from  the  river  pier,  through  the  20-iuch  pipe  referred 
to,  and  passing  through  one  or  the  other  of  the  screens  (one  only 
being  in  use  at  a  time)  upon  the  intermediate  wall,  it  makes  its  way 
into  the  principal  line  of  the  conduit.  This  bank  pier  is  set  on  a 
hard  gravel  bed  with  a  simple  timber  platform  beneath  it.  It  is 
built  of  heavy  bridge  masonry,  and  is  carried  up  three  feet  above 
the  surface  of  the  adjacent  ground,  far  enough  to  be  always  accessible 
even  during  very  high  water. 

The  main  line  of  the  conduit  was  laid  through  a  bed  of  blue  clay 
and  gravel,  nearly  the  whole  way  to  the  pumping  well  at  the  works, 
at  an  average  depth  of  20  feet  below  the  surface.  Shafts  were  sunk 
about  25  feet  apart  along  the  line,  and  between  them,  at  the  required 
depth,  a  small  tunnel  was  driven  just  large  enough  to  admit  of  the 
convenient  laying  in  it  of  the  20-inch  glazed  pipe.  These  pipes 
were  furnished  in  2-feet  lengths,  and  were  bedded  carefully  in  the 
gravel  formation  of  the  tunnel,  the  joints  being  filled  with  cement 
and  pointed  on  the  outside.  Gravel  was  then  rammed  solid  around 
the  pipes  in  the  tunnel  and  on  top  of  them  in  the  shafts. 

At  distances  of  400  feet  along  this  part  of  the  conduit  brick  man- 
holes were  built  in  the  shafts,  extending  to  the  surface,  so  that  con- 
venient access  may  be  had  at  any  time  to  any  part  of  the  conduit. 
It  is  believed  that  this  part  of  the  work  has  suffered  no  settling  or 
impairment  of  any  kind.     These  man-hole  shafts  were  carried  3  feet 

VOL.   VII. — 14 


210  THE   WATER   SUPPLY   AT   THE 

deeper  thau  the  grade  of  the  conduit,  so  that  they  serve  to  a  certain 
extent  as  silt  basins,  and  they  can  be  readily  cleaned  out  from  the 
surface  if  required.  A  heavy  iron-coping  plate  with  a  lid  was  put 
on  each  of  thera. 

At  a  point  1450  feet  from  the  river,  the  conduit  passes  under  a  very 
heavy  bank,  upon  which  the  Pittsburgh  Division  of  the  Baltimore 
and  Ohio  Railroad  passes  through  the  property.  It  was  determined 
that  beneath  this  bank  and  the  rest  of  the  way  to  the  pump-well,  a 
distance  of  300  feet,  the  conduit  should  be  built  of  brick.  This  ren- 
dered it  needful  to  enlarge  considerably  the  size  of  the  tunnel  driven 
between  the  working  shafts,  and  as  the  nature  of  the  ground  changed 
somewhat,  and  still  more  on  account  of  the  extremely  wet  and  stormy 
weather  during  which  this  part  of  the  work  had  to  be  done,  some 
slips  and  caving  in  of  the  ground  occurred.  Tiiis  caused  some  delay, 
and  part  of  the  brick  arching  had  to  be  finished  in  an  open  cutting. 
It  is  supposed  that  there  may  be  cracks  or  leaks  in  this  part  of  the 
work,  but  as  no  possible  opportunity  has  been  found  for  a  close  ex- 
amination of  the  conduit  since  the  work  was  finished  in  December, 
1874,  it  is  not  clearly  known  where  the  leaks  are. 

The  well  in  which  the  pumps  are  placed  is  1750  feet  from  the 
river,  and  loO  feet  from  the  boiler-house  of  the  works.  It  is  12  feet 
clear  diameter,  and  was  sunk  26  feet  through  a  firm  gravel,  and  6  feet 
into  the  shaly  rock  of  the  region.  The  brick  conduit  enters  it  at  a 
distance  of  4  feet  above  tiie  bottom,  so  that  a  large  silt  basin  is  thus 
provided.  The  well  is  lined  with  a  16-inch  brick  wall  to  a  point 
35  feet  below  the  general  level  of  the  yard  of  the  works,  or  to  a 
height  of  20  feet  above  extreme  low  water  in  the  river.  In  the  side 
of  this  wall  an  arch  was  built,  through  which  it  was  proposed  to 
make  a  connection  to  Turtle  Cree'k,  at  a  distance  of  175  feet,  but  as 
already  stated,  this  has  not  yet  been  deemed  needful. 

The  height  of  this  lining  wall  was  fixed  by  the  maximum  distance, 
22  feet,  through  which  it  was  considered  expedient  that  the  pumps 
should  be  required  to  lift  the  water  under  any  circumstances.  At 
this  level,  therefore,  a  heavy  frame  of  iron  bean^^  was  set  to  sustain 
the  pumps,  and  an  inclosing  iron  shell  or  tank  14  feet  square.  The 
object  of  this  tank  is  to  prevent  the  submerging  of  the  pumps  even 
in  an  extremely  high  stage  of  the  river,  and  as  the  water  sometimes 
rises  28  feet  above  the  usual  summer  level,  it  was  needful  to  make 
the  shell  10  feet  deep.  It  is  set  on  the  beams,  and  anchored  to  them 
by  bolts,   the  beams   themselves   reaching  out  over  the  wall,   and 
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secured  against  the  tendency  of  the  shell   to  float  in  time  of  high 
water  by  the  weight  of  the  inclosing  side-walls  built  above  them. 

A  wide  concrete  base  was  laid  around  the  top  of  the  brick  well- 
lining,  and  on  this  a  substantial  rubble  wall  was  laid,  inclosing  the 
iron  shell,  and  to  this  wall  the  shell  is  anchored  laterally,  so  that  it 
is  secured  against  collapsing  from  the  external  pressure  of  the  water 
in  time  of  flood.  The  side- walls  are  to  be  carried  up  to  the  general 
level  of  the  works,  and  are  now  covered  in  with  a  suitable  inclosing 
house. 

It  will  be  understood  then,  that  the  pumps  are  placed  in  a  water- 
tight shell  or  tank,  in  an  inclosed  pit,  14  feet  square  and  20  feet 
deep,  and  also  that  the  well  extends  28  feet  below  the  pumps.  A 
water-tight  manhole  plate  is  set  in  the  bottom  of  the  shell,  and 
access  is  thus  provided  to  the  well  beneath,  to  the  foot-valves  of 
the  pumps,  and  also  to  the  inner  end  of  the  conduit.  A  substantial 
stairway  gives  access  to  the  pumps  from  the  yard  level,  the  whole 
being  arranged  for  convenience  of  access  and  for  repair. 

There  are  two  pumps  of  the  Worthington  duplex  type  with  16- 
inch  steam  cylinders,  14-inch  water  cylinders,  and  12-inch  stroke. 
They  are  bolted  to  the  floor  of  the  iron  shell,  and  to  the  iron  frame 
beneath  it,  and  are  fitted  with  all  the  usual  appliances  for  conveni- 
ence of  working,  including  foot-valves  and  strainers  in  the  well  be- 
neath them. 

A  common  cast-iron  pipe  is  led  from  the  pumps  to  the  water- 
tank,  a  distance  of  350  feet,  and  to  this  pipe  either  or  both  of  the 
pumps  may  be  connected  at  pleasure,  sejiarate  gate-valves  being 
provided  for  the  purpose.  This  pipe  is  carried  vertically  upward 
from  the  pumps  to  a  point  4  feet  beneath  the  yard  level,  and  it  then 
runs  to  the  boiler-house  and  through  it  to  the  water-tank. 

The  steam  supply  for  these  water-pumps  is  taken,  as  already 
stated,  from  the  main  battery  of  boilers  and  is  carried  to  them  by  a 
4-incli  pipe  above  ground.  A  regulating  valve  is  placed  in  this 
pipe,  just  inside  the  boiler-house,  and  it  is  automatically  and  very 
completely  controlled  by  a  float  set  in  a  small  secondary  tank,  the 
water-level  varying  in  this  tank  with  that  in  the  large  storage- 
tank  200  feet  distant,  through  a  connecting-pipe. 

This  large  tank  is  of  the  ordinary  railroad-station  type,  and  of  a 
capacity  of  20,000  gallons.  It  is  20  feet  diameter  and  12  feet  deep, 
and  is  set  on  heavy  posts  with  stone  foundations.  It  is  inclosed  in 
a  suitable  house,  and  is  heated  in  winter  by  a  common  stove. 

The  delivery  pipe  from  the  pump   is  carried  up  over  tiie  upper 
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edge  of  the  tank,  and  the  supply  pipes  for  the  pumps  and  boilers 
are  taken  out  at  the  bottom.  A  series  of  wire  screens  was  provided 
to  keep  back  the  small  drift-stuff  that  might  find  its  way  through 
the  other  screens  and  strainers  that  had  been  fixed  in  the  conduit. 
The  pipes  leading  out  at  the  bottom  of  the  tank  were  all  guarded 
against  the  flow  into  them  of  the  mud  that  would  settle  in  time  of 
flood  on  the  bottom. 

It  will  thus  be  seen  that  this  w^iter-Avorks  scheme  differs  from 
others  that  have  been  devised  for  the  same  general  purpose,  and 
under  similar  circumstances,  in  the  use  of  a  large  low-priced  pipe 
through  which  the  water  flows  by  gravitation  to  the  pumps,  in 
place  of  a  smaller  iron  pipe  or  force  main.  The  pumps  are  placed 
8  feet  below  the  extreme  high-water  mark,  being  set  in  a  water- 
tight inclosure,  so  as  to  bring  them  within  a  reasonable  limit  of 
liftino;  distance  above  the  low-water  level. 

The  chief  advantage  of  the  location  of  the  pumps  at  the  works, 
instead  of  at  the  river-bank,  2000  feet  distant,  obviously  lies  in  the 
economy  of  the  steam  supply  and  the  attendance. 

The  followino'  is  a  classified  account  of  the  cost  of  the  work  : 


No.        Class. 

Amount 

1     Cement, $859 

2     Sand,           .... 

71 

3     Stone  masonry,  . 

5054 

4     Red  brick,  .... 

1142 

5    Sewer-pipe  for  conduit. 

1408 

6     Brickwork  in  pump-well,  . 

418 

7     Iron  tank,  inclosing  pumps, 

1254 

8     Duplex  pumps,  . 

3467 

9     Cast-iron  pipe,    . 

845 

10     Water  tank  (R.R.  pattern). 

820 

11     Temporary  steam  supply,  . 

170 

12     Coal, 

174 

13     Lumber,     .... 

1558 

14     Castings,    .... 

849 

15     Hardware, 

253 

16     Iron  beams, 

737 

17     Conduit,  contract  for  laying,     . 

6878 

18     Conduit,  day  work,    . 

283 

19     Common  labor, 

2012 

20    Skilled  labor,     .... 

2134 

$29,886 
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NOTE  UPON  A  PECULIAR  VARIETY  OF  ANTHRACITE. 

BY  ECKLEY  B.    COXE,    DRIFTOX  LUZERNE  CO.,   PA. 

I  WISH  to  call  the  attention  of  the  Institute  to  a  peculiar  variety 
of  anthracite  which  occurs  in  the  Buck  Mountain  vein  at  our  col- 
lieries at  Drifton,  and  in  the  same  and  other  veins  in  different  locali- 
ties in  the  anthracite  coal-fields.  It  is  known  among  the  workmen 
as  iron-gray  or  cast-iron.  It  has  a  dull,  greasy  appearance,  as  if  a 
piece  of  ordinary  anthracite  had  been  rubbed  with  a  dirty  and 
greasy  rag  and  allowed  to  dry.  It  was  formerly  considered  a  very 
impure  coal  containing  a  high  percentage  of  ash,  and  was  picked  out 
of  the  coal  and  thrown  away.  But  the  following  analysis  of  it  and  of 
its  ash,  made  by  Mr.  J.  Blodget  Britton,  of  Philadelphia,  shows  that 
such  is  not  the  case,  the  percentage  of  ash  not  being  much  higher 
than  that  of  the  ordinary  anthracites  as  they  are  prepared  for  market. 

ANALYSIS    OF    COAL. 


Water, 4.36 

Volatile  combustible  matter,  .     .     3  48 
Ash, 7.26 


Fixed  carbon,  by  difference,  .     .     84.90 


100.00 


The  carbon  proved  to  some  extent  to  be  of  the  nature  of  graphite, 
and  slowly  combustible. 


ANALYSIS   OF   ASH. 


Silica, 25.66 

Alumina, 27.03 

Ferric  oxide, 42.83 

Lime, 1.56 

Magnesia, 1.83 

Manganous  oxide, .11 


Sulphur, .17 

Phosphoric  acid, .21 

Alkali,  undetermined  matter  and 

loss, .60 


100.00 


AVe  recently  collected  a  quantity  of  the  substance  and  made  a 
fire  with  it,  in  an  ordinary  stove,  which  was  kept  up  several  days. 
We  found  that  it  burned  with  intense  heat,  and  apparently  as  freely 
as  our  other  coal  does.  Mr.  Britton  is  probably  right  in  his  view, 
that  the  difference  in  appearance  is  not  due  to  impurities  in  the  coal, 
but  to  the  fact  that  the  carbon  is  in  a  more  or  less  graphitic  form,  as 
many  of  the  standard  coals  are  no  purer. 

I  bring  this  before  the  Institute  as  I  know  that  a  large  quantity 
of  this  valuable  fuel  is  thrown  away  every  year,  on  account  of  its 
supposed  impurities. 
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The  first  session  was  held  in  the  small  hall  of  the  Academy  of 
Music,  on  Tuesday  evening,  February  18th,  1879. 

The  proceedings  were  opened  by  the  reading,  by  President  Eckley 
B.  Coxe,  of  the  following  Address  : 

Secondary  Technical  Education. 

Technical  education  is  a  subject  to  which  both  the  American 
Institute  of  Mining  Engineers  and  the  American  Society  of  Civil 
Engineers  have  of  late  years  given  much  attention,  and  deservedly  so. 
We  all  remember  the  admirable  address  of  our  former  President, 
Mr.  Holley,  at  the  Washington  meeting,  upon  this  subject,  and  the 
very  interesting  reunion  of  the  two  societies  in  Philadelphia  for  its 
discussion.  The  problem  to  the  solution  of  which  the  meeting  de- 
voted its  attention  was,  "  Shall  the  practical  education  of  the  engi- 
neer in  the  mine,  in  the  rolling-mill,  in  the  workshop,  or  in  the  field, 
precede,  be  contemporaneous  with,  or  follow  his  theoretical  studies 
in  the  technical  school?"  I  do  not  propose  to  add  anything  to  what 
was  so  admirably  said  by  so  many  of  our  leading  engineers  on  that 
occasion  ;  but  I  shall  ask  your  attention  to  another  question  in  tech- 
nical education,  which  seems  to  me  equally  worthy  of  our  considera- 
tion, and  which,  I  am  sorry  to  say,  has  as  yet  attracted  but  little 
attention  in  this  country.  It  is,  "  Shall  the  apprentices  (I  call  them 
so  for  the  want  of  a  better  general  name),  who  are  growing  up  and 
learning  their  trades  in  and  around  our  mines  and  works,  and  from 
whose  ranks  the  master  mechanics  and  foremen  of  the  future  must 
be  taken — shall  they  be  provided  with  some  means  of  obtaining  as 
much  theoretical  training  as  may  be  necessary  to  enable  them  prop- 
erly to  understand  the  various  processes  and  operations  that  they  may 
be  called  upon  to  superintend,  and  not  be  obliged  to  pick  up,  as  best 
they  may,  here  a  little  and  there  a  little  truth  mingled  with  much 
error?"  In  the  former  case,  those  who  have  the  ability  and  indus- 
try to  avail  themselves  of  the  advantages  that  should  be  offered  to 
them  would  fit  themselves  to  become  real  foremen,  men  who  would 
understand  and  appreciate  the  true  engineer  and  his  methods.  Of 
late  years  the  3'oung  men  of  this  country  who  have  wished  to  enter 
our  profession  have  had  great  facilities  offered  to  them  for  so  doing ; 
there  have  been  undoubtedly  great  improvements  in  the  methods  of 
instruction;  and  although  I  am  very  far  from  imagining  that  no 
further  progress  can  be  made,  or  is  demanded,  yet  I  feel  sure  that 
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those  who  in  the  future  will  be  called  upon  to  fill  our  places  will  be 
fully  competent  to  do  it.  But  nothing  has  as  yet  been  done  toward 
providing  any  means  for  what  I  call  ^'secondary  technical  education^' 
In  this,  as  in  so  many  other  things  relating  to  education,  Germany 
leads  the  van.  Her  schools  for  mining  engineers  are  already  more 
than  a  hundred  years  old,  and  enjoy  a  world-wide  reputation,  and 
for  more  than  half  a  century  she  has  had  her  "  Steigerschulen" — 
schools  for  master  miners.  In  almost  every  important  mineral  dis- 
trict, the  " Steigo'schule"  is  a  part  of  the  administration  of  the  mines, 
and  in  them  those  of  the  boys  employed  about  the  works,  who  desire 
to  improve  themselves,  are  instructed  in  all  the  branches  of  science 
which  the  practical  experience  of  half  a  century  has  proved  to  be 
the  most  important  for  making  good  foremen.  Similar  schools 
exist  in  that  country  for  the  machinist  and  other  trades.  Some  of 
those  whom  I  see  around  me  no  doubt  recall  with  pleasure  the 
instruction  they  obtained  from  the  very  intelligent  Steigers,  gradu- 
ates of  such  schools,  with  whom  they  came  in  contact  when  making 
their  practical  course  of  study,  or  when  visiting  the  mines  in 
Germany. 

Promotion  follows  as  in  the  army  here,  those  who  stand  highest 
receive  the  best  vacant  positions,  and  all  the  foremen  are  taken  from 
the  graduates  of  the  school,  rising  gradually  from  the  less  to  the  more 
important  offices.  The  advantage  to  the  engineer  of  having  under 
him  foremen  who  can  make  a  drawing,  and,  therefore,  can  read 
and  work  from  one;  who  know  the  chemical  and  physical  prop- 
erties of  fire-damp,  and  consequently  the  reasons  for  the  rules  and 
regulations  which  must  be  enforced  in  a  mine  where  it  is  known  to 
exist;  who  understand  the  principles  of  combustion,  and,  therefore, 
why  a  furnace  of  one  construction  is  better  than  another,  and,  why 
the  directions  given  for  firing  or  using  them  are  essential,  is  patent 
to  every  one  who  has  been  obliged  to  erect  or  carry  on  works  with 
foremen  who,  though  intelligent  and  willing,  were  entirely  ignorant 
of  the  principles  involved  in  the  operations  they  were  superintend- 
ing. The  United  States  is  entering  upon  a  new  epoch  in  her  mining 
and  metallurgical  history.  We  have  almost  ceased  to  draw  upon 
foreign  countries  for  all  the  more  imjjortant  metals,  with  the  excep- 
tion of  tin,  of  which  as  yet  no  workable  deposits  are  known  within 
our  borders;  but  in  iron  (including  steel),  gold,  silver,  mercury, 
copper,  lead,  zinc,  and  nickel,  we  have  become  practically  independ- 
ent of  the  world  :  some  we  already  ship  to  foreign  countries,  and  ot 
most  of  them  we  shall  probably  become  exporters  before  many  years 
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have  rolled  round.  In  other  words,  gentlemen,  we  must  now  pre- 
jjare  to  meet  the  nations  of  Europe  in  the  markets  of  the  world  with 
the  products  of  our  mines,  our  furnaces,  our  rolling-mills,  and  our 
factories,  fully  determined  to  obtain  a  firm  foothold  there  for  the 
sale  of  our  surplus  commodities;  not  hoping  to  monopolize  them, 
but  simply  to  secure  and  retain  an  independent  position.  We  have 
many  advantages, —  a  country  of  great  resources,  cheap  land,  cheap 
coal,  cheap  raw  material,  cheap  food,  intelligent  workmen,  plenty  of 
room  for  develojnnent,  and  in  many  res])ects  a  good  government, 
well  suited  to  foster  such  industries;  but  we  should  not  be  satisfied 
Mith  this.  We  should  endeavor  to  strengthen  our  ])osition  by  edu- 
cating as  well  as  possible  the  engineers  who  are  to  plan  and  super- 
intend our  M'orks,  by  training  both  theoretically  and  practically  the 
foremen  who,  coming  from  the  ranks  of  the  workmen,  will  act  as  a 
link  between  the  school-trained  engineer  and  the  latter,  understand- 
ing, as  they  will  do,  the  feelings,  the  ideas,  the  aspirations,  the 
strong  points,  and  the  weaknesses  of  those  by  whom  the  actual  labor 
must  be  performed,  and  who  form  the  basis  of  successful  industry. 
With  good  engineers,  with  such  foremen  instructed  sufficiently  in 
theory  to  understand  and  carry  out  any  process  they  may  be  put  in 
charge  of,  having  the  respect  not  only  of  those  over  them,  but  also 
of  the  men  under  them,  looking  forward  to  their  gradual  advance- 
ment as  their  years  of  service  and  experience  increase,  and  Avith 
intelligent  workmen  such  as  our  country  already  has  and  will  con- 
tinue to  ])roduce,  we  can,  by  carefully  utilizing  all  of  our  natural 
advantages,  establish  mining  in  that  wide  sense,  in  which  it  is  under- 
stood by  our  Institute,  as  one  of  the  surest,  most  enduring,  and  most 
important  elements  of  the  prosperity  of  our  country. 

To  some,  indeed,  it  may  at  first  appear  that  the  experiment  is  a 
dangerous  one ;  that  we  are  treading  upon  unknown  and  treacherous 
ground ;  that  we  may  be  sowing  the  seed  of  future  trouble ;  that, 
instead  of  good  foremen,  we  may  only  make  discontented  workmen; 
and  they  may  quote  to  us  Pope's  well-known  lines : 

"  A  little  learning  is  a  dangerous  thing  ; 
Drink  deep,  or  taste  not  of  the  Pierian  spring." 

But,  gentlemen,  while  regarding  Pope  as  a  great  poet  and,  in  many 
respects,  a  keen  observer  of  human  nature,  I  must  take  issue  with 
him  here ;  for  to  me  it  seems  that  true  knowledge,  however  small 
the  amount  may  be,  can  never  be  dangerous.  It  were  better,  if  we 
cannot  drink  deep,  to  put  but  one  drop  to  our  parched  lips,  rather 
than  never  to  taste  of  its  waters.     It  is  false  learning,  be  the  amount 
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great  or  little,  that,  mingling  with  the  truth,  and  corrupting  it, 
causes  the  clanger;  and  it  is  for  the  "purpose  of  preventing  the 
workmen  from  imbibing  false  ideas  and  opinions,  so  many  of  whicii 
they  now  drink  in  when  acquiring  practical  knowledge,  that  I  ad- 
vocate the  introduction  of  these  schools.  Educate  the  people,  edu- 
cate your  foremen,  educate  your  engineers,  strive  to  give  to  every 
one  some  drops,  however  few,  of  the  water  of  true  knowledge,  and 
we  need  not  be  anxious  as  to  its  effects,  if  it  is  pure,  and  contains  no 
germs  of  corruption.  The  future,  not  only  of  our  industries,  but 
of  our  country  itself,  depends  upon  this ;  for  no  republic  whose 
corner-stone  is  not  the  education  of  the  masses  can  long  continue  to 
hold  its  place  among  the  nations  of  the  world,  or  even  exist.  And 
further,  we  may  well  inquire  what,  in  engineering,  is  "a  little  learn- 
ing f  Who  of  those  that,  like  myself,  commenced  the  study  of  the 
profession  more  than  twenty  years  ago,  and  can  recall  the  great 
changes  that  have  taken  place  in  the  iron  and  steel  industries,  the 
improvement  in  the  steam-engine,  the  creation  and  development  of 
the  petroleum  industries,  the  complete  uprooting  of  many  of  the  laws 
of  chemistry  and  physics  as  taught  us,  the  changes  in  the  views  of 
geologists,  the  new  methods  of  studying  mineralogy  and  geology, 
opened  up  by  the  microscope,  and  the  thousand  other  changes  of 
greater  or  less  importance  in  science — who  of  those,  I  say,  looking 
forward  to  the  development  that  will  be  sure  to  occur  in  the  next 
twenty  years,  will  dare  to  assert  that  he  has  more  than  "a  little 
learning"  in  his  own  special  branch,  and  that  he  has  drunk  deep  of 
the  Pierian  spring?  It  is  not  the  imparting  of  true  knowledge  to 
the  workman  that  makes  him  unruly  and  discontented  ;  it  is  by  cut- 
ting him  off  from  obtaining  it,  and*  forcing  him  to  appease  that  thirst 
for  knowledge,  which  exists  in  so  many  men,  by  listening  to  the 
uncontradicted  assertion  of  the  so-called  working-men's  friends,  po- 
litical demagogues,  and  other  charlatans  who  suck  the  life-blood  of 
the  laboring  class,  living  upon  their  savings  without  doing  any  real 
work  themselves,  that  we  sow  the  seeds  whose  fruits  are  seen  in 
strikes  and  lockouts,  and  the  riots,  burning  of  factories,  and  violence 
which  so  often  accompany  them. 

The  great  industrial  nations  of  the  continent  of  Europe  are  already 
in  motion  in  the  right  direction.  In  all  parts  of  Germany  where 
raining  is  carried  on  to  any  extent,  the  Steigerschulen  are  to  be  found. 
France  has  her  Ecole  des  Mineurs  in  the  department  of  the  Gard. 
Austria  also  has  hers ;  and  England,  if  she  desires  to  maintain  her 
industrial  supremacy,  must  profit  by  their  example. 
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This  is  a  subject  well  worthy  of  the  attention  not  only  of  the  direc- 
tors, managers,  and  stockholders  of  our  railroads,  machine-shops, 
mines,  furnaces,  and  other  industrial  enterprises,  but  also  of  all  who 
have  any  stake  in  the  future  of  the  cou!itry,  or  who  are  interested  in 
the  real  welfare  of  the  working  classes.  As  man  and  boy,  I  have 
passed  some  portions  of  almost  every  one  of  the  last  forty  years  in 
the  anthracite  coal-fields  of  Pennsylvania.  I  have  seen  the  produc- 
tion of  that  valuable  fuel  increased  from  less  than  one  million  to  over 
twenty  millions  of  tons  per  annum,  and  for  the  last  fourteen  years 
the  greater  part  of  mytime  has  been  spent  in  direct  contact  with  the 
working  miners.  Looking  back  upon  the  coal  regions  as  I  first  re- 
member them,  with  the  houses  (if  they  deserved  to  be  called  by  that 
name)  without  cellars,  without  plaster,  with  scarcely  any  privacy, 
with  chimneys  of  wood,  and  with  the  out-houses,  the  pig-sties,  the 
kitchen,  and  living-rooms  so  huddled  together  that  it  was  hard  to 
tell  where  one  began  and  the  other  ended;  with  nothing  for  the 
miners  to  do  but  to  work  all  day  underground,  and  to  pass  their 
evenings  in  such  houses  ;  with  nothing  to  look  forward  to  for  their 
children  ;  and  with  whiskey-drinking  as  the  only  pleasure  which  was 
attainable,  I  cannot  wonder  that  such  seed  should  have  brought  forth 
such  terrible  fruit  as  the  Mollie  Maguire  trials  in  Pennsylvania  ex- 
posed to  a  horrified  community.  All  j^arts  of  the  civilized  world 
are  now  more  or  less  disturbed  by  the  reports  of  the  proceedings  of 
the  communists,  the  socialists,  the  nihilists,  the  internationals,  the 
trades-unions,  and  the  numberless  other  clubs,  societies,  or  associa- 
tions which  periodically  appear,  particularly  in  times  of  depression, 
and  which  occasionally  startle  the  world  when  the  attempted  assas- 
sinations of  kings  and  emperors  are  or  are  supposed  to  be  brought 
about  by  their  influence.  Germany  is  trying  to  repress  them  by 
severe  laws,  rigorously  enforced  without  mercy  to  any  one ;  but  the 
disease,  it  seems  to  me,  is  merely  put  out  of  sight,  not  cured ;  the 
poison  is  driven  inward,  some  day  to  break  out  in  an  unlooked-for 
place,  and  when  least  expected. 

But  it  may  be  asked,  what  has  all  this  to  do  with  secondary  tech- 
nical education?  For  if  Germaiiy,  with  her  well-established  schools 
of  the  kind  advocated  in  this  paper,  is  more  disturbed  than  any  other 
country  by  the  socialists,  why  should  we  wish  to  introduce  them 
here?  It  must  be  remembered  that  in  Germany  the  support  of  the 
array  requires  such  a  large  part  of  the  actual  amount  of  wealth  pro- 
duced by  each  laborer,  that  hardly  enough  is  left  for  the  support  of 
himself  and  his  family,  and  that  in  many  cases  it  is  a  desperate  strug- 
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gle  for  the  barest  necessaries  of  life.  When  such  is  the  state  of 
affairs,  it  is  not  difficult  to  understand  the  dissatisfaction  that  exists 
among  the  poor  there.  The  great  point  to  be  gained  by  the  estab- 
lishment of  such  schools,  I  would  answer,  is  not  only  the  building 
up  around  us  of  a  set  of  foremen  thoroughly  trained,  both  theo- 
retically and  practically,  familiar  with  the  details  of  their  business, 
with  a  strong  esprit  de  corps,  with  a  feeling  of  pride  in  the  works 
where  they  have  been  educated,  and  with  an  interest  in  them  that 
no  salary  or  wages  that  they  might  be  paid  could  alone  give  them. 
This  is  a  great  thing  for  the  owners  of  the  wqrks  and  for  their  busi- 
ness success;  but  there  is  a  point  of  much  greater  importance. 
Brains,  though  rare,  are  not  distributed  by  any  known  rule  among 
the  people.  A  Stephenson  may  be  born  in  the  cottage  of  a  common 
miner,  and  rise  to  teach  the  world  the  profession  of  engineering.  A 
Franklin  may  force  his  way  from  a  printer's  case  to  the  position  of  a 
great  statesman  and  a  great  physicist.  There  are  but  few  men  of 
ability  born  each  year;  but  they  are  as  likely  to  be  found  in  the 
humblest  dwelling  as  in  the  palace. 

One  of  the  most  important  problems  for  a  country  is,  how  it  can 
best  utilize  its  most  valuable  raw  material,  so  as  to  get  the  greatest 
possible  effect  from  it.  In  the  case  of  men  of  brains,  the  answer  is 
very  simple.  Give  them  a  chance  to  get  an  education  by  which  their 
mental  faculties  can  be  afforded  an  opportunity  of  being  used  to  ad- 
vantage ;  make  them  capable  of  filling  with  credit  to  themselves  the 
positions  for  which  their  natural  abilities  fit  them-.  The  same  men 
that  under  the  old  system  would  have  risen  to  the  rank  of  master  me- 
chanic, will  come  to  the  front  under  the  new  ;  but  they  will  come 
more  quickly,  and  better  prepared  for  the  positions  they  may  be  called 
upon  to  fill.  The  greatest  danger  of  nihilism,  socialism,  communism, 
call  it  as  you  may,  comes  from  two  classes, — first,  the  very  ignorant, 
and  secondly,  from  men  of  brains,  who,  finding  themselves  tied  down 
so  that  there  seems  to  be  no  outlet  open  to  them  from  their  present 
distasteful  positions,  strive  to  overthrow  everything,  in  the  hope  that 
doing  this  they  may  be  able  to  break  away  from  the  place  to  which 
they  are  bound,  and  to  reach  some  more  congenial  position.  If  the 
boys  about  a  mine,  instead  of  spending  their  leisure  time  in  taverns,  or 
even  worse  places  of  resort,  listening  to  the  harangues  of  demagogues 
upon  the  wrongs  of  the  working-men,  should  utilize  it  in  such  a  school 
as  I  have  been  describing,  they  would  be  likely  to  feel  that  they  have 
an  interest  in  the  prosperity  of  the  country  and  in  the  stability  of  the 
government,  and  that  there  was  a  future  open  to  them  worth  working 
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for.  The  older  men,  influcneed  more  or  less  by  the  aspirations  and 
opinions  of  their  children,  would  be  likely  to  sympathize  with  them. 
"When  passing  through  the  coal  or  iron  districts  of  our  country,  I  have 
come  upon  groups  of  children  whose  appearance  showed  every  evi- 
dence of  neglect  and  want,  and  then  Dickens's  well-known  lines, 
"  There  is  not  one  of  these  poor  creatures  but  sows  a  harvest  that 
mankind  must  reap,"  have  been  brought  forcibly  to  my  mind.  Com- 
mon schools  for  the  many,  and  technical  education  for  those  possessing 
intellectual  ability  enough  to  profit  by  it,  although  not  sufficient  alone 
to  cure  the  evil,  will  do  much  toward  it,  and  it  is  this  view  of  the 
question  of  secondary  technical  education  that  I  would  ask  the  mem- 
bers of  our  Institute  to  bring  to  the  attention  of  those  to  whose  care 
the  various  industrial  interests  of  the  United  States  are  intrusted  ;  to 
explain  to  them  the  importance  of  such  schools  in  training  up  fore- 
men, in  inducing  good  men  who  are  anxious  for  the  welfare  of  their 
children,  to  come  to  and  remain  at  places  where  they  can  have  such 
advantages.  In  converting  the  more  intelligent  of  the  young  men 
about  the  works  into  efficient  lieutenants  in  the  management  of  the 
business,  instead  of  allowing  them  to  become  dangerous,  or  at  least 
troublesome  agitators,  a  class  of  emjiloyes  will  be  created  who, 
while  springing  from  the  working-classes,  familiar  with  their  mode 
of  thought,  their  aspirations  and  desires,  will  have  had  enough 
theoretical  training  to  comprehend  the  value  of  scientific  educa- 
tion, its  methods  and  its  aims,  will  be  able  to  understand  and  talk 
with  the  engineer  and  manager,  to  explain  to  them  better  than  the 
men  themselves  could  what  the  employfe'  wishes  or  demands  may  be, 
and  at  the  same  time  be  more  competent  to  bring  home  to  the  laborer 
the  necessity  of  the  changes  which  are  proposed  by  the  employer, 
or  to  show  to  the  employer  the  reasons  why  he  should  yield  to  the  de- 
mands of  the  men.  The  most  difficult  point  in  managing  men  is  to 
find  out  when  we  are  wrong  and  ought  to  yield. 

The  existence  of  such  a  class  of  men  would  do  much  to  wipe  out 
the  jealousy  which  exists  almost  everywhere  between  the  practical 
foreman  and  the  educated  engineer ;  for  the  former  would  be  able 
thoroughly  to  appreciate  the  advantages  which  the  higher  education 
of  the  latter  gives  him  in  solving  the  different  problems  which  so  often 
arise  in  all  engineering  enterprises. 

So  impressed  have  we  been  by  the  great  importance  of  this  question, 
that  it  has  been  determined  to  establish  a  school  of  this  kind  at  our 
collieries,  the  plan  of  which  I  shall  sketch  briefly.  It  is  not  intended, 
nor  is  it  to  be  desired,  that  it  should  take  the  place  of  the  ordinary 
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public  schools,  or  that  anything  should  be  taught  in  it  that  can  be 
learned  in  the  latter.  We  have  five  good  public  schools  at  the  works, 
and  our  object  will  be  to  induce  parents  to  allow  their  cliildren  to  re- 
main there  as  long  as  they  can,  or,  at  least,  do  profit  by  the  instruction 
given,  and  to  discourage  them  from  putting  the  boys  to  work  picking 
slate  too  soon,  for  the  sake  of  the  small  amount  they  can  thus  earn. 
If  they  could  satisfy  their  consciences,  or  turn  aside  the  reproaches  of 
their  neighbors  by  saying  that  they  M'ould  send  their  sons  to  the  ap- 
prentice-school at  night,  many  a  poor  little  fellow  would  be  deprived 
of  years  of  schooling,  which  he  otherwise  might  get.  The  school  is 
intended  for  those  of  the  boys — the  sons  of  our  workmen — who  have 
gone  to  work  either  with  the  miners,  carpenters,  blacksmiths,  ma- 
chinists, plumbers,  masons,  engineers,  pumpmen,  etc.,  about  the 
breakers,  or  in  the  mines,  with  a  view  of  learning  their  trade  and  be- 
ginning to  earn  their  own  livelihood.  The  course  of  study  will  cer- 
tainly extend  over  two,  and  probably  three  years  ;  this  can  only  be 
determined  by  our  success  the  second  year.  Any  of  the  boys  who 
have  finished  theirstudies  at  the  public  schools,  or  who  are  sufficiently 
instructed  to  begin  with  the  others,  and  who  exj)ress  a  desire  to 
enter,  will  be  admitted.  There  will  be  very  little  discipline  of  any 
kind,  and  every  boy  who  strives  to  get  on,  even  though  he  may  not 
have  great  ability,  will  be  encouraged  and  aided  ;  those  who  show  no 
inclination  to  work,  or  who  are  disorderly,  will  be  dropped.  The 
studies  will  be  so  arranged  that  each  boy  will  always  be  able  to  work 
part  time,  and  so  gain  practical  experience,  and  wholly  or  partially 
support  himself. 

The  absence  of  demand  for  coal,  the  insufficiency  of  the  supply  of 
cars,  accidents  at  the  mines  and  on  the  railroad,  and  other  causes,  often 
force  us  to  suspend  work  for  one  or  more  days.  These  will  always 
be  utilized  for  study  and  practical  work,  such  as  drawing  and  mine 
surveying.  We  do  not  wish  to  do  much  night-work,  although  a 
reading-room  and  library  will  be  opened  every  evening  for  the  stu- 
dents who  wish  to  avail  themselves  of  it.  The  average  boy  cannot 
w'ork  all  day  and  study  all  the  evening.  To  properly  arrange  the 
time  for  study  and  for  work,  will  be  one  of  the  most  important  and 
difficult  of  the  problems  with  which  we  shall  have  to  deal.  It  is 
important  to  give  the  boys  all  the  instruction  possible  in  the  limited 
time  and  with  the  limited  facilities  at  our  disposal.  But  at  the  same 
time  we  must  not  expect  too  much  of  them  or  risk  overtasking  them. 
We  firmly  believe  that  "all  work  and  no  play  will  make  Jack  a 
dull  boy." 


PROCEEDINGS   OF  THE   BALTIMORE   MEETING.  225 

The  programme  of  the  studies,  as  far  as  we  liave  been  able  to 
arrange  it,  com])rchends  instruction  in  algebra,  geometry,  trigo- 
nometry, free-hand  and  mechanicid  drawing,  with  descriptive  geom- 
etry, physics,  chemistry,  mineralogy  and  geology,  mechanics,  and 
the  construction  of  machines,  framing,  mining,  and  mine  surveying, 
English  comjjosition,  bookkeeping,  and  writing.  Our  idea  is  to 
make  the  courses  as  practical  as  possible,  and  to  devote  particular 
attention  to  those  subjects  which  are  of  special  interest  in  our  dis- 
trict. We  shall  have  no  course  on  metallurgy,  for  example.  In 
mineralogy,  we  shall  require  the  student  to  become  familiar  with  the 
principal  types  of  minerals  only.  In  geology,  much  attention  will 
be  paid  to  the  rocks  and  mineral  deposits  of  Pennsylvania.  We 
shall  devote  a  comparatively  large  amount  of  time  to  the  subject  of 
framing,  ordinary  foundations,  and  the  construction  of  such  build- 
ings as  are  required  in  our  coal-fields.  In  machinery,  particiilar  atten- 
tion will  be  paid  to  pumps,  hoisting-engines,  apparatus  for  preparing 
coal,  steam-drills,  etc.  Mine  surveying  will  be  gone  into  with  a  good 
deal  of  detail,  and  in  chemistry  we  shall  try  to  impress  upon  the 
minds  of  the  pupils  those  laws  and  phenomena  which  are  of  impor- 
tance in  understanding  the  ventilation  of  mines  and  the  use  of  water 
in  steam-boilers.  In  other  words,  we  do  not  propose  to  make  good 
chemists,  or  mineralogists,  or  geologists,  but  to  endeavor  to  impart 
to  the  students  as  much  knowledge,  carefully  selected  from  each 
branch  of  science,  as  will  seem  to  us,  upon  mature  reflection,  to  be 
most  worthy  of  their  attention  during  the  limited  number  of  hours 
that  the  boys  can  pass  in  the  school. 

Instruction  will  be  given  to  the  students  every  year  by  some  com- 
petent physician  upon  the  subject  of  the  proper  treatment,  while 
the  surgeon  is  being  sent  for,  of  those  who  may  have  been  injured  in 
or  about  the  mines;  particular  attention  being  paid  to  those  kinds  of 
accidents,  such  as  explosions,  falls  of  slate,  and  burns,  which  are 
most  likely  to  occur  in  such  places. 

The  plan  is  far  from  being  perfect,  we  know ;  but  in  a  few  days 
the  first  class  will  be  organized  and  work  will  begin.  As  we  pro- 
gress, we  shall  undoubtedly  have  to  modify  much ;  but  next  year, 
when  the  second  class  is  formed,  we  shall  be  better  able  to  arrange 
its  studies.  It  is  undoubtedly  an  experiment,  one  that  may  not  be 
thoroughly  understood  by  those  whom  it  is  intended  to  benefit ;  but 
that  it  is  well  worth  trying  we  are  certain;  and  if  we  do  not  allow 
the  first  difficulties  we  meet  to  dishearten  us,  but  push  on,  slowly 
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perhaps  at  first,  but  still  without  faltering  or  turning  back,  success 
will,  we  feel  convinced,  crown  our  efforts  at  last. 

The  establishment  of  such  schools  is  of  great  importance  to  the 
country;  and  if  those  of  us  who  are  in  a  position  to  aid  in  the  matter 
would  give  what  assistance  we  can,  and  thus  bring  about  the  so- 
much-to-be-desired  result,  those  who  will  fill  our  jDlaces  when  we  are 
gone  will,  I  am  sure,  have  reason  to  thank  us  for  having  smoothed 
their  path  and  removed  many  obstacles  from  it.  We  do  not  want 
an  institution  that  a  mechanic  who  has  saved  money  and  can  pay  the 
board  and  other  expenses  of  the  pupil,  can  alFord  to  send  his  son  to, 
but  a  simple  school,  open  alike  to  the  sons  of  spendthrifts,  of  drunk- 
ards, or  of  good  mechanics,  wliere  a  boy  working  every  day  to  gain  his 
livelihood  can  obtain  enough  knowledge  to  make  him  a  better  man  and 
mechanic  than  he  otherwise  would  have  been.  To  do  this,  we  need 
only,  for  a  beginning,  a  couple  of  rooms,  a  few  books,  a  little  appa- 
ratus, a  determination  to  succeed,  the  good-will  and  hearty  co-opera- 
tion of  all  about  the  works,  and  a  resolution  on  the  part  of  each  true 
engineer  to  contribute  his  mite  to  the  accomplishment  of  the  great 
work. 

At  the  conclusion  of  the  address.  Prof.  Egleston  and  Mr.  Holley 
spoke  briefly  of  the  importance  of  the  subject  presented  by  the  Pres- 
ident, and  commended  his  great  philanthropic  zeal  in  establishing 
at  his  works  technical  schools  for  working  boys. 

The  following  j^apers  were  then  read  and  discussed  : 

The  United  States  Testing  Machine  at  the  Watertown  Arsenal,  by 
A.  L.  Holley,  of  New  York  City. 

The  Coal  and  Iron  of  the  Hocking  Valley,  Ohio,  by  Dr.  T.  Sterry 
Hunt,  of  Montreal. 

Prof.  T.  Egleston  offered  the  following  resolution,  which  was 
adopted : 

Resolved,  That  a  committee  of  three,  of  which  the  President  shall  be  chairman, 
be  appointed  to  consider  and  recommend  a  plan  for  the  instruction  of  miners' 
children  in  the  principles  and  methods  of  mining. 

The  President  appointed  Messrs.  Egleston  and  Holley. 

The  second  session  was  held  on  Wednesday  morning  at  10  o'clock. 
The  President  read  a  communication  from  President  Gil  man  of  the 
Johns  Hopkins  University,  inviting  the  members  to  visit  the  lecture- 
rooms  and  laboratories  of  the  University,  and  to  meet  the  members 
of  the  faculty.  The  use  of  the  library  and  reading-room  was  also 
offered  to  the  members. 


PROCEEDINGS  OF   THE   BALTIMORE   MEETING.  227 

This  session  was  devoted  to  the  discussion  of  Dr.  C.  B.  Dudley's 
paper,  read  at  the  Lake  George  meeting,  on  the  Chemical  Composi- 
tion and  Piiysical  Properties  of  Steel  Rails,  which  was  commenced 
by  the  reading  of  a  paper  by  Mr.  Robert  W.  Hunt,  of  Troy,  New 
York. 

At  the  conclusion  of  this  session  the  members  visited  the  Johns 
Hopkins  University,  where  they  were  courteously  received  in  Hop- 
kins Hall,  by  President  Gilman,  who  gave  a  brief  account  of  the 
founding  of  the  University,  and  of  the  work  which  it  was  accom- 
plishing. The  members  were  then  conducted  through  the  build- 
ings by  the  President  and  members  of  the  faculty,  to  the  different 
departments,  and  were  afterwards  hospitably  entertained  at  luncheon. 

The  third  session  was  held  on  Wednesday  afternoon.  The  Presi- 
dent appointed  Messrs.  Firmstone,  Xeilson,  and  Nichols,  scrutineers 
to  examine  and  report  on  the  ballots  received  by  the  Secretary. 

Mr.  Charles  A.  Ashburner  exhibited  and  explained,  for  Professor 
J.  H.  Harden,  the  improved  tripod  heads  described  in  his  paper  on 
Imperfections  in  Surveying  Instruments.  The  remainder  of  the 
session  was  taken  up  by  the  continuation  of  the  discussion  on  Dr. 
Dudley's  paper. 

The  third  session  was  held  on  Wednesday  evening.  Mr.  Charles 
Macdonald,  of  New  York,  exhibited  two  large  steel  bars,  illustrating 
Mr.  Kloman's  process  of  rolling  steel  eye-bars,  without  ujisetting,  for 
bridge  construction. 

The  following  papers  were  then  read  and  discussed : 

The  Pernot  Furnace,  by  A.  L.  Holley,  of  New  York  City. 

The  Lake  Superior  Copper  Rocks  in  Pennsylvania,  by  J.  F.  Blandy, 
of  Philadelphia. 

Indicator  Cards  from  a  Water-pressure  Blowing-engine,  by  F. 
Firmstone,  of  Glendon  Iron  Works,  Easton,  Pennsylvania. 

The  fifth  and  concluding  session  was  held  on  Thursday  morning. 

Mr.  J.  S.  Alexander,  Chairman  of  the  Museum  Committee  of  the 
Institute,  read  the  following  final  report  of  the  committee: 

To  THE   President  and  Members  of  the  American  Insti- 
tute OF  Mining  Engineers. 

Gentlemen  :  Your  Museum  Committee  beg  to  report  that,  since 
their  appointment  in  October,  1876,  frequent  statements  of  progress 
have  been  made  at  regular  meetings  of  the  Institute,  from  which  a 
general  knowledge  has  been  gained  as  to  how  they  have  discharged 
the  duties  assigned  them.     However,  to  make  this,  which  is  submit- 
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ted  as  a  final  report,  more  complete,  a  hne{  risume  of  what  has  been 
done  seems  necessary. 

Your  committee,  immediately  upon  the  close  of  the  Centennial 
Exhibition,  adopted  measures  for  packing  and  caring  for  the  different 
donations,  every  care  being  taken  to  preserve  the  original  labels, 
and,  where  desirable,  diagrams  were  made  of  the  arrangement  and 
classification.  A  complete  and  carefully  prepared  list  of  the 
donations,  with  names  of  the  donors,  has  been  already  published 
in  Vol.  V,  Transactions  of  the  Institute. 

Your  committee,  at  the  same  time,  took  steps  to  collect  from  the 
members  of  the  Institute  funds  to  defray  expenses.  A  very  cordial 
and  prompt  response  was  made,  subscriptions  coming  in,  not  only 
from  members  residing  near  the  proposed  place  of  installation,  but 
also  from  many  in  distant  States,  showing  that  the  generosity  of  the 
donors  of  the  collection,  and  the  idea  of  preserving  their  gifts  in  the 
form  of  a  Museum,  were  appreciated,  and  had  awakened  a  widespread 
interest  in  the  Institute.  From  outside  the  membership,  encourage- 
ment was  also  received  in  the  shape  of  liberal  contributions  to  the 
fund  from  some  of  the  large  steel  companies.  The  paid-in  sub- 
scriptions amounted  in  all  to  $2149.77,  which  sum,  as  will  be  seen 
from  the  financial  statement  subjoined,  was  expended  with  the  closest 
economy. 

When  seeking  a  location  for  the  installation  of  the  collection,  your 
committee  were  generously  offered,  by  the  Pennsylvania  Museum 
and  School  of  Industrial  Art,  handsome  accommodations  in  Memorial 
Hall,  Fairmount  Park,  Philadelphia,  for  one  year,  without  expense 
for  janitorial  and  other  care.  The  building  before  occupancy  under- 
went complete  renovation,  and  in  due  time  the  objects,  comprising 
the  numerous  donations,  were  gathered  into  the  rooms  assigned  them, 
from  the  different  buildings  in  the  Centennial  grounds,  and  on  July 
1st,  1877,  two  large  saloons,  in  which  were  arranged  the  large  and 
more  showy  objects  of  the  collection,  were  thrown  open  to  the  pub- 
lic. Of  the  appearance  of  the  collection,  and  of  the  plan  of  its 
arrangement,  the  Institute  had  an  opportunity  of  judging  a  year  ago, 
when  one  session  of  the  Philadelphia  meeting  was  held  in  Memorial 
Hall. 

The  subscribed  and  collected  funds  became  exhausted  at  this  point, 
and  your  committee  not  deeming  it  advisable,  in  view  of  the  uncer- 
tainty of  the  tenure  of  the  space  occupied  being  extended  for  a  term 
of  years  sufficient  to  warrant  further  expenditure   to  either  make 
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another  appeal  to  tlie  Institute  or  to  incur  any  indebtedness,  sus- 
pended installation. 

Owing  to  the  circumstances  to  Avliich  reference  has  just  been  made, 
one  important  feature  of  the  installation  plan  of  your  committee 
was  postponed,  i.  e.,  the  arranging  of  a  cabinet  collection  illustrat- 
ing the  economic  metallurgy  of  the  world.  Among  the  donations 
are  full  and  valuable  series  of  the  ores  of  iron,  copper,  lead,  zinc, 
tin,  and  antimony,  together  with  fuels,  fluxes,  and  the  different 
metallic  products  representing  the  important  metallurgical  districts 
of  nearly  every  metal-producing  country  on  the  globe,  and  furnish- 
ing material  out  of  which  to  make  a  very  complete  classified  collec- 
tion, arranged  by  countries,  or  preferably  by  districts,  showing  the 
various  metallurgical  stages  up  to  the  finished  product.  It  is  hoped 
that  means  may  be  devised,  by  the  society  about  to  assume  the 
charge  of  the  collection,  to  utilize  this  valuable  material  in  some 
such  way. 

As  the  year  drew  toward  its  close,  your  committee  sought  to  perfect 
some  arrangement  by  which  a  more  extended  and  permanent  instal- 
lation would  be  secured  without  further  expense  to  the  Institute,  but 
as  nothing  definite  was  reached  immediately,  the  tenure  of  the  space 
occupied  was,  by  the  courtesy  of  the  Trustees  of  the  Pennsylvania 
Museum  and  School  of  Industrial  Art,  extended.  Pending  these 
negotiations,  the  Smithsonian  Institution,  through  Professor  S.  F. 
Baird,  offered  accommodations  for  the  collection  in  the  proposed  Na- 
tional Museum  in  Washington ;  and  the  Metropolitan  Museum  of  Art, 
in  Xew  York,  recognizing  its  great  value,  made  a  very  attractive  offer 
to  remove  and  install  the  collection  in  a  handsome  manner,  at  their 
own  expense,  in  their  new  building  in  that  city.  The  Pennsylvania 
Museum  and  School  of  Industrial  Art,  having  also  submitted  a  pro- 
position providing  for  the  permanent  care  of  the  collection  and  for 
the  installation,  free  of  any  expense  to  the  Institute,  of  the  portion 
of  the  collection  now  stowed  away,  your  committee,  at  a  regularly 
called  meeting  held  at  239  Broadway,  New  York,  on  January  2.3d, 
ultimo,  resolved  to  accept  the  last  proposition,  and  entered  into  the 
following  written  agreement  to  that  effect. 

Memorandum  of  Agreement,  made  this  23d  day  of  January,  1879, 
between  the  Pennsylvania  Museum  and  School  of  Industrial  Art, 
and  the  American  Institute  of  Mining  Engineers : 

It  is  proposed  to  allow  the  collections  of  the  American  Institute 
of  Mining    Engineers,  now  in  Memorial    Hall,  Fairmonnt  Park, 
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Philadelphia,  to  remain  within  the  control  of  the  Pennsylvania 
Museum  and  School  of  Industrial  Art,  perpetually,  subject  to  the 
following  conditions  : 

The  Pennsylvania  Museum  and  School  of  Industrial  Art  shall 
furnish  from  funds  which  they  may  receive  from  the  State  of  Penn- 
sylvania, the  City  of  Philadelphia,  or  from  any  other  source,  the 
necessary  show  cases  for  the  exhibition  of  such  part  of  the  collections 
as  shall,  in  the  opinion  of  the  Museum,  require  such  show  cases. 

The  American  Institute  of  Mining  Engineers  shall  supervise  the 
labelling  and  cataloguing  of  the  collections,  for  which  purpose  the 
Institute  will  nominate  five  members  annually  to  the  Trustees  of  the 
Museum,  from  whom  the  Trustees  shall  elect  one  person  to  serve  on 
the  Committee  of  the  Museum,  having  charge  of  said  collections; 
and  if  the  Institute  shall  fail  to  make  such  nomination,  the  Trustees 
may  elect  the  member  of  the  committee  aforesaid,  from  the  body  of 
the  Institute. 

The  name  of  the  American  Institute  of  Minino;  Eno-ineers  is  to 
appear  on  labels  and  catalogues  of  the  collections,  and  in  a  conspic- 
uous place  within  the  room  or  rooms  containing  the  same. 

Members  of  the  American  Institute  of  Mining  Engineers  shall  be 
admitted  to  the  building  at  the  same  times,  and  have  the  same  priv- 
ileges as  to  visiting  the  collections  contained  therein,  as  are  enjoyed 
by  members  of  the  Pennsylvania  Museum  and  School  of  Industrial 
Art,  for  which  purpose  the  member's  ticket  of  the  American  Institute 
of  Mining  Engineers,  accompanied  by  a  personal  card,  to  be  depos- 
ited at  the  door,  shall  be  taken  as  if  the  member's  ticket  of  the 
Pennsylvania  Museum  and  School  of  Industrial  Art  was  exhibted 
at  the  entrance. 

The  whole  management,  control,  and  exhibition  of  the  collections 
shall  be  in  the  hands  and  under  the  control  of  the  Pennsylvania 
Museum  and  School  of  Industrial  Art. 

The  Pennsylvania  Museum  and  School  of  Industrial  Art  will  not 
insure  the  collections,  and  shall  be  in  no  way  responsible  for  their 
safekeeping;  but  will  give  them  the  same  care  and  protection  as 
they  do  the  objects  and  works  of  art  of  their  own  in  the  Museum 
building,  and  in  no  case  shall  the  Museum  be  liable  for  any  loss  or 
damage  to  said  collections,  arising  from  any  cause  whatever. 

It  is  understood  that  the  American  Institute  of  Mining  Engineers 
shall  be  at  all  times  ready  to  co-operate  with  the  Pennsylvania  Mu- 
seum and  School  of  Industrial  Art,  with  a  view  to  the  increase  of 
the  collections  and  furthering  their  usefulness,  and  any  and  all  ad- 
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(litions  wliich  the  Institute  shall  acquire,  or  make,  or  cause  to  be 
made  to  said  collections,  including  all  collections  acquired  by  said 
Institute,  suitable  to  form  part  of  said  collections,  shall,  at  the  option 
of  the  trustees  of  the  Museum,  be  deposited  with  and  form  a  part  of 
said  collections  in  said  building;. 

While  at  the  Araenia  meeting,  in  October,  1877,  the  Institute 
passed  a  resolution  authorizing  your  committee  to  make  such  dispo- 
sition of  the  collection  as  in  their  judgment  would  be  advisable,  they 
nevertheless,  recommend  that  the  Institute  ratify  their  action,  and 
pass  the  following  resolution  : 

Reaolved,  That  the  President  be  authorized  and  requested  to  sign  a  contract 
embodying  the  provisions  of  the  preliminary  agreement,  with  such  modifications 
and  alterations  as  maj-  be  agreed  upon  between  the  Council  of  the  Institute  and 
the  Trustees  of  the  Museum,  as  necessarj-  and  desirable  to  carry  out  the  spirit  of 
the  preliminary  agreement  on  behalf  of  the  American  Institute  of  Mining  Engi- 
neers, and  that  the  Secretary  be  requested  to  forward  the  same  to  the  President 
of  the  Pennsylvania  Museum  and  School  of  Industrial  Art  for  signature  on  be- 
half of  that  institution,  and  to  request  the  return  of  one  copy  thereof,  for  filing 
with  the  records  of  the  Institute. 

At  the  same  meeting  your  committee  passed  the  following  resolu- 
tion : 

Whereas,  In  consideration  of  the  liberal  ofler  of  the  Metropolitan  Museum  of 
Art,  to  exhibit  the  collection  of  the  American  Institute  of  Mining  Engineers,  a 
similar  ofiTer  from  the  Pennsylvania  Museum  and  School  of  Industrial  Art,  hav- 
ing been  accepted  by  the  Institute,  therefore, 

Resolved,  That  the  Pennsylvania  Museum  and  School  of  Industrial  Art,  be 
requested  to  tender  to  the  Metropolitan  Museum  of  Art  any  such  duplicate  spec- 
imens as  may  not  make  the  collection  exhibited  by  the  Pennsylvania  Museum 
and  School  of  Industrial  Art  less  complete  and  instructive. 

Owing  to  the  fact  that  the  Institute  is  not  an  incorporated  body, 
difficulties  arose  preventing  your  committee  availing  themselves  of 
any  existing  statute  to  relieve  certain  parts  of  the  collection  from 
duty.  The  dutiable  material  was  appraised,  and  upwards  of  §2000 
would  be  required  to  pay  the  duties  charged  thereon.  A  resolution 
remitting  these  duties  has  been  before  Congress  for  upwards  of  one 
year,  receiving  the  assiduous  care  of  the  Hon.  Abram  S.  Hewitt, 
ex- President  of  the  Institute;  but  under  the  transfer  to  the  Penn- 
sylvania Museum  and  School  of  Industrial  Art  that  society  may  give 
a  bond  in  its  corporate  capacity  indemnifying  the  government  against 
loss,  should  any  of  the  dutiable  material  in  the  collection  ever  be  sold 
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for  commercial  purposes,  and  thus  comply  with  the  statute  govern- 
ing such  cases.  A  bond  of  this  kind  is  now  being  prepared,  and  its 
execution  will  relieve  the  collection  from  customs  surveillance. 
Acknowledgments  are  made  to  Mr.  Hewitt  for  his  efforts  to  secure 
the  desired  Congressional  relief,  and  also  to  the  customs  officials, 
who  have  been  very  patient,  always  favoring  the  Institute  to  the 
utmost  limit  of  their  authority. 

Before  closing  this  report,  reference  should  be  made  to  the  request 
mentioned  in  former  reports  as  having  been  made  by  the  German 
Government  for  a  collection  of  Claiborne  (Ala)  shells,  and  Silurian 
fossils  from  the  State  of  New  York.  Your  committee  have  collected 
some  specimens,  but  the  desire  has  been  to  make  the  collection  as 
presentable  as  possible,  and  they  would  again  urge  upon  members  to 
send  in  additional  specimens ;  and,  further,  would  recommend  that 
this  matter  be  placed  in  charge  of  a  special  committee. 

Abstract  of  Keceipts  and  Expenditures  of  the  Committee. 

Keceipts, $2149  77 

Expenditures  : 

Packing  and  moving  to  Memorial  Hall,        .         .  $607  90 

Office  expenses,  including  printing  and  postage,  .  267  59 

Salary  of  Superintendent  of  Installation  and  clerk,  284  88 

Installation, 941  65 

Incidentals,             .         .         .         .         .         .         .  11  80 

Fees  of  Custom-house  broker,        ....  21  20 

Balance  on  hand,  .......  14  75 

$2149  77    $2149  77 

It  should  be  added  that  a  sum  of  one  thousand  dollars  has  been 
pledged  by  a  number  of  Philadelphia  members  of  the  Institute  and 
others  interested  in  the  successful  installation  of  the  collection  under 
the  arrangement  made  with  the  Pennsylvania  Museum  and  School 
of  Industrial  Art. 

Your  committee  thus  return  the  trust  committed  to  them  two  and 
one-half  years  ago,  and  request  that  they  be  discharged. 
Respectfully  submitted, 

John  S.  Alexander, 

February  18th,  1879-  Chairman. 

The  report  of  the  Museum  Committee  was  accepted,  and  the  com- 
mittee discharged. 

The  resolution  embodied  in  the  report  was  by  vote,  adopted. 

Mr.  Alexander  mentioned  that  the  Council  of  the  Institute  had 
suggested  a  few  alterations  in  the  original  agreement  as  read,  to 
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which  it  was  supposed  that  the  Pennsylvania  Museum  and  School 
of  Industrial  Art  would  agree,  and  he,  therefore,  moved  that  the 
accomplishment  of  this  agreement  be  referred  to  the  Council  of  the 
Institute  with  power  to  act.     The  motion  was  carried. 

Professor  Egleston  offered  the  following  resolution,  which  was 
adopted  : 

Resolved,  That  the  Council  of  the  Institute  appoint  a  Museum  Committee 
of  five  members  of  the  Institute,  whose  duty  it  shall  be  to  visit  the  collection  at 
least  six  weeks  before  each  annual  meetinc;,  and  report  at  this  meeting  to  the 
Institute  its  condition,  and  whether  the  agreement  entered  into  with  the  Penn- 
sylvania Museum  and  School  of  Industrial  Art,  is  being  carried  out. 

Professor  Egleston  then  offered  the  following  resolution  : 

Pesolved,  That  the  thanks  of  the  Institute  be  presented  to  Mr.  J.  S.  Alexander, 
for  his  efficient  services  in  collecting,  arranging,  and  administering  the  Museum 
of  the  Institute. 

Dr.  Raymond  moved  to  amend  the  resolution,  by  inserting  after 
the  name  of  the  chairman  of  the  committee,  "  and  the  other  mem- 
bers of  the  jSIuseum  Committee."  The  resolution  as  amended  was 
unanimously  carried. 

Professor  Persifor  Frazer,  Jr.,  and  Dr.  T.  Sterry  Hunt,  spoke  in 
continuation  of  the  discussion  of  Mr.  Blandy's  paper  of  the  previ- 
ous session. 

The  following  papers  were  then  read  : 

The  Bradford  Oil  Region,  McKean  County,  Pennsylvania,  by 
Charles  A.  Ashburner,  of  Philadelphia. 

The  Ammonia-Soda  Process,  by  Oswald  J.  Heinrich,  of  Drifton, 
Luzerne  County,  Pennsylvania. 

The  Great  Blast  at  Glendon,  by  Ellis  Clark,  Jr.,  of  Glendon  Iron 
Works,  Easton,  Pennsylvania  (read  by  Mr.  Frank  Firmstone). 

An  Improved  Method  of  Cornish  Pitwork,  by  Ellsworth  Dag- 
gett, Jr.,  of  Salt  Lake  City,  Utah  (read  by  Dr.  R.  W.  Raymond). 

The  Furnace  Assay  of  Platinum  Alloys,  by  Nelson  W.  Perry,  of 
Cincinnati  (read  by  the  Secretary). 

The  Determination  of  Silicon  in  Iron  and  Steel,  by  Dr.  Thomas 
M.  Drown,  of  Lafayette  College,  Easton,  Pennsylvania. 

An  Improved  Universal  Suspended  Hydraulic  Lift,  by  J.  A.  Her- 
rick,  of  Nashua,  New  Hampshire  (read  by  the  Secretary). 

The  following  papers  were  then  read  by  title: 
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The  Sullivan,  Maine,  Silver  Discoveries,  by  C.  W.  Kempton, 
Sullivan,  Maine. 

An  Index  of  American  Geological  Reports,  by  Professor  Freder- 
ick Prime,  Jr.,  of  Philadelphia. 

Review  of  the  Methods  of  Determining  Phosphorus,  by  Professor 
F.  C.  Blake,  of  Lafayette  College,  Easton,  Pennsylvania. 

The  Secretary  then  read  the  following  report  of  the  Council: 

The  Council  of  the  Institute,  in  accordance  with  the  rules,  makes 
the  following  report  to  the  Institute  on  the  work  of  the  past  year. 

Owing  to  the  amendment  to  the  rules  at  the  meeting  in  May, 
1878,  changing  the  time  of  the  annual  meeting  from  May  to  Feb- 
ruary, there  have  been  but  two  meetings  held  since  the  last  report 
of  the  Council,  viz.,  at  Chattanooga,  Tenn.,  in  May,  and  at  Lake 
George  and  Lake  Champlain,  in  October,  1878.  These  meetings 
were  memorable  not  only  for  their  large  attendance  and  professional 
interest,  but  mainly  on  account  of  visits  made  to  places  of  mining 
and  metallurgical  importance,  and  for  excursions  to  places  of  natural 
beauty.  The  members  attending  these  meetings  will  long  remember 
with  pleasure  the  delightful  trips  on  the  Tennessee  River  and  the 
grandeur  and  beauty  of  Horicon. 

The  accession  to  the  membership  has  been  46  members  and  13  as- 
sociates. During  the  same  period  26  have  resigned,  and  38  have  been 
dropped  from  the  lists  owing  to  being  in  arrrears  for  dues  for  three 
years.  Two  members,  Robert  H.  Gould  and  Walter  Phelps,  have  died. 
The  total  membership  of  the  Institute  consists  now  of  5  honorary 
members,  52  foreign  members,  543  members,  and  134  associates,  a 
total  of  734. 

The  number  of  papers  read  at  these  meetings  was  twenty-eight, 
most  of  which  have  been  printed  and  circulated.  The  system  of 
pamphlet  publication  of  the  papers  read  before  the  Institute  "Sabjeet 
to  Revision,"  in  advance  of  their  appearance  in  the  volumes  of  Trans- 
actions, has  now  been  fully  tried,  and  as  far  as  the  Council  has 
learned,  seems  to  find  favor  with  the  majority  of  the  members. 

Vol.  VI  Transactions,  covering  the  period  from  May,  1877,  to 
February,  1878,  has  just  been  issued,  and  will  be  distributed  to 
members  immediately  after  this  meeting. 
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The  reports  of  tlie  Secretary  and  Treasurer,  duly  audited,  show 
receipts  for  the  year  as  follows: 

Secretavi/'s  and  Treasurer's  Statement  of  Receipts  and  Disbursements  from  May 
Sd,  1878,  to  February  \3th,  1879. 


Dr. 

Balance  at  last  statement,  ..... 

Received  for  dues  from  members  and  associates, 

"         from  sale  of  Transactions,  .... 
"  '<       "     "    volume  on  Technical  Education, 

"         from  authors  for  pamphlet  copies  of  papers, 
"         for  bincnng  Transactions,  .         . 

Interest,       ...... 


Cr. 

Paid  balance  due  for  printing  Vol.  V  Transactions, 

"  on  account,  for  printing  Vol.  VI  Transactions, 

"  for  printing  pamphlets,     . 

"  for  printing  circulars, 

"  for  engraving,  .... 

"  for  freight  and  expressage, 

"  fur  stationery,    .... 

"  for  telegrams,    .... 

"  for  fire-proof  safe, 

"  for  binding  exchanges, 

"  for  distributing  Vol.  V  in  Europe,  , 

"  for  postage,         .         . 

"  for  subscriptions  to  Engineering  and  Minin 

nal  (old  account),       .... 

"  for  Secretary's  salary,  nine  months, 

"  for  Secretary's  expenses  attending  meetings. 


.   $80  88 

.  4714 

00 

.   170 

00 

1 

50 

.   190 

29 

61 

50 

8 

77 

Balance, 


Jour 


$5226  89 


$401  87 

1200  00 

754  50 

97  55 

505  41 

33  68 

24  25 

23  33 
50  00 

145  64 

24  77 
235  15 

3  00 

1500  00 

102  97 

$124  77 

$5226  89 


There  remains  unpaid  on  Vol.  VI  Transactions  $627.91,  leaving 
a  net  deficit  of  $503.14.  This  amount  will  be  met,  without  doubt, 
by  the  receipts  for  the  three  months  remaining  of  the  year  since  the 
la.st  annual  meeting. 

The  Institute  has  recently  received  from  the  Russian  Imperial  De- 
partment of  Mines  a  collection  of  twenty-eight  Russian  minerals  in 
exchange  for  samples  of  coke  and  coal  given  to  Prof.  Nicolsky 
during  the  Centennial  year. 
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The  scrutineers  appointed  by  the  President  reported  the  following 
officers  elected : 

PRESIDENT. 
E.  B.  CoxE, Drifton,  Pa. 

VICE-PRESIDENTS. 

H.  M.  Howe, Troy,  N.  Y. 

K.  H.  Richards,        ......  Boston,  Mass. 

Samukl  Thomas, Catasauqua,  Pa. 

MANAGERS. 

J.  A.  Church, Columbus,  0. 

W.  E.  C.  CoxE, Reading,  Pa. 

J.  F.  Lewis,      .......  Amenia,  N.  Y. 

t 
TREASURER. 

Theodore  D.  Rand, Philadelphia,  Pa. 

SECRETARY. 
Thomas  M.  Drowx, Easton,  Pa. 

The  names  of  the  following  persons,  proposed  for  members  and 
associates  of  the  Institute,  were  presented,  with  the  approval  of  the 
Council,  and  they  were  unanimously  elected  : 


MEMBERS. 


Alfred  F.  Brainerd, 
George  W.  Bramwell, 
Henry  Burden, 
Maurice  Chaper, 
John  W.  Cloud,      . 
Thomas  Couch, 
T.  R.  Countryman, 
George  A.  Crocker, 

E.  B.  Dorsey,  . 
Patrick  Doyle, 
Theo.  N.  Ely,  . 
Edward  L.  Ford,     . 
H.  C.  Frick,     . 
Chester  Griswold,    . 
Henry  C.  Grittinger, 
Prof.  James  Hall,    . 
Jed.  Hotchkiss, 
Eliot  C    Jewett, 
Isaac  G.  Johnson,     . 
Ed.  de  Laveleye, 
George  Russell  Lincoln, 

F.  A.  Lowe, 

Maj.  John  R.  McGinness 
Carlos  W.  McKinney, 
De  Courcey  May,     . 
George  S.  Morison, 


St.  Albans,  Vt. 

Drifton,  Luzerne  Co.,  Pa. 

Troy,  N.  Y. 

Paris,  France. 

Altoona,  Pa. 

Frisco,  Beaver  Co.,  Utah. 

Hastings,  Minn. 

New  York  City. 

San  Francisco,  Cal. 

Perak,  Straits  Settlements,  E.  I. 

Altoona,  Pa. 

Springfield,  111. 

Pittsburgh,  Pa. 

New  York  City. 

Cornwall,  Pa. 

Albany,  N.  Y. 

Staunton,  Va. 

St  Louis,   Mo. 

New  York  City. 

Li^ge,  Belgium. 

Steel  Works,  Dauphin  Co.,  Pa. 

Silver  Islet,  Ontario,  Canada. 

St.  Louis,  Mo. 

Scranton,  Pa. 

Baltimore,  Md. 

New  York  City. 
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George  C.  Munson, 
James  W.  O'Grady, 
Harry  S.  Peelor, 
David  Shaw,     . 
Porter  W.  Shinier, 
Robert  R   Singer, 
M.  V.  Smith, 
Sebastian  Sliitz, 
Edwin  Thomas, 
W.  W.  Van  Voorhis, 
Charles  E.  Wait, 
John  R.  Williams, 
Jones  Wister, 
Theodore  G.  Wolf, 
Fred.  W.  Wood, 


H.  K.  Bridgman, 
James  Constable,  Jr., 
Charles  C.  Dodge,    . 
Ezra  B.  Ely,  Jr.,       . 
AValton  Ferguson,     . 
Henry  D.  Hibbard,  . 
Charles  S.  Hinchman, 
Robert  A.  Shillingford, 


ASSOCIATES 


Rosita,  Colorado. 

New  York  City. 

Johnstown,  Pa. 

Pittsburgh,  Pa. 

Albiirtis,  Lehigh  Co.,  Pa. 

Pittsburgh,  Pa. 

Philadelphia. 

Pittsburgh,  Pa. 

Alburtis,  Lehigh  Co.,  Pa. 

Manhattanville,  N.  Y. 

Rolla,  Phelps  Co.,  Mo. 

Johnstown,  Pa. 

Harrisburg,  Pa. 

Scranton,  Pa. 

Steel  Works,  Dauphin  Co.,  Pa. 


Carondelet,  Mo. 
Constableville,  N.  Y. 
New  York  City, 


Providence,  R.  I. 
Philadelphia. 


The  status  of  the  followins:  associates  was  ehanged  to  member 


A.  W.  Humphreys, 
H    M.  Mclntire, 
C.  Henry  Roney, 
Nelson  W.  Perry, 
A.  F.  Schneider, 


New  York  City. 
Menlo  Park,  N.  J. 
Philadelphia. 
Cincinnati,  Ohio, 
Salt  Lake  City,  Utah. 


The  following  resolution  was  passed  unanimously  : 

Resolved,  That  the  thanks  of  the  Institute  be  presented  to  the  President  and 
Professors  of  the  Johns  Hopkins  University,  for  their  cordial  reception,  and  to 
the  Baltimore  and  Ohio  Railroad  and  Pennsylvania  Railroad  companies  for 
courtesies  tendered. 

The  President  then  announced  that  the  next  meeting  of  the  Insti- 
tute would  be  held  in  Pittsburgh,  and  declared  the  meeting  ad- 
journed. 


PAPERS 

or  THK 

BALTIMORE    MEETING, 
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TEE  PEBNOT  FVBNACE. 

BY   ALEXANDER  L.    HOLLEY,   C.E.,   LL.D.,   NEW  YORK  CITY, 

The  Pernot  system  of  rotating  and  withdrawing  the  hearth  of  a 
Siemens  regenerative  gas  furnace  for  the  production  of  Martin  or 
open-hoarth  steel,  is,  perhaps,  the  most  conspicuous  of  the  several 
improvements  which  have  lately  been  made  in  the  steel  manufacture. 
These  several  improvements  in  the  open-hearth  plant  arg  not  com- 
bined in  any  existing  works,  but  most  of.them  will  be  combined  in 
not  less  than  three  works  now  erecting  in  the  United  States ;  and  it 
seems  probable  that  their  joint  result  will  not  only  reduce  the  cost 
of  j)roducts  of  ordinary  grades  to  Bessemer  rates,  but  that  it  will 
produce  new  and  better  grades  of  products. 

The  open-hearth  steel  furnace  and  its  operation  are  so  generally 
understood  that  but  a  few  words  of  general  description  are  necessary. 
The  ordinary  furnace  is  not  unlike  the  common  reverberatory 
puddling  furnace,  except  that  an  intense,  uniform,  and  controllable 
temperature  is  maintained  by  the  Siemens  gas  regenerative  system. 

The  materials  employed  are  various  :  melted  or  unmelted  pig  with 
ore,  and  with  or  without  scrap ;  pig  iron  purified  from  silicon  and 
phosphorus,  with  or  without  scrap ;  pig  iron  and  scrap,  melted  to- 
gether in  a  cupola,  or  charged  hot  or  cold,  together  or  separately, 
into  the  steel  furnace ;  a  pig-iron  bath,  and  hot  or  cold  steel  or  iron 
scrap,  direct  sponge  or  Catalan  or  puddled  blooms  charged  into  the 
bath. 

The  operation  is,  to  a  greater  or  less  extent,  according  to  the  na- 
ture of  the  materials  used,  a  desiliconization  and  decarburization  of 
the  pig  or  other  crude  iron,  and  its  dilution  by  already  purified 
materials.  Manganese  is  employed  at  the  end  of  the  operation  to 
remove  oxide  of  iron  and  silica,  a  regulated  amount  of  manganese 
remaining  in  the  product. 

Figs.  2  and  3,  Plate  IV,  represent  the  hearth  and  roof  of  the 
Pernot  furnace;  Fig.  1  shows,  in  cross  section,  the  general  arrange- 
ment of  open-hearth  plant  with  Pernot  furnaces,  as  generally  de- 
signed by  the  author,  and  now  building  at  two  works.     The  engrav- 
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ings  will  be  farther  explained.  The  regenerator  may  be  of  any  of 
the  modern  Siemens  types. 

The  hearth  has  a  plate-iron  bottom,  the  sides  being  cast-iron 
staves  secured  by  an  upper  ring,  and  easily  replaced.  The  hearth 
stands  on  a  cast-iron  spider,  which  only  touches  the  bottom  plate  at 
points,  so  that  the  spider  does  not  get  hot ;  the  oil  on  the  wheels  is 
not  burned.  Indeed,  one  may  touch  these  parts  with  the  hand.  No 
water  is  ever  played  upon  any  part  of  the  apparatus  to  keep  it  cool. 
The  spider  rests  upon  four  or  six  conical  wheels,  which  roll  on  a 
circular  railway  cast  upon  the  frame  of  a  car.  A  small  steam-engine, 
situated  conveniently  behind  the  furnace  (see  Fig.  1),  drives  a 
small  gear  which  engages  a  large  gear  bolted  in  segments  to  the 
spider.  The  axis  of  the  hearth  is  inclined  five  or  six  degrees 
from  the  vertical,  and  th^speed  of  rotation  is  three  or  four  revolu- 
tions per  minute.*  A  roll  train  coupling  on  the  driving  shaft  may 
be  quickly  disengaged  when  the  hearth  is  to  be  drawn  out.  The 
car  upon  which  the  hearth  revolves  has  four  or  six  wheels,  and  may 
at  any  time  be  pulled  out  from  under  the  furnace  roof. 

The  joint  between  the  revolving  hearth  and  the  stationary  roof  is 
simply  a  three-inch  space  filled  with  fire-sand,  excepting  a  mere  slit 
at  the  top.  As  there  is  in  the  furnace  never  more  than  a  very  slight 
plenum  or  a  very  sight  vacuum  (the  former  is  desired  and  readily 
maintained) ;  the  sand  is  blown  neither  out  nor  in,  and  is  a  perfectly 
efficient  packing.  The  bath  is  said  never  to  have  slopped  over  into 
the  joint ;  if  it  did,  no  harm  would  be  done ;  the  bath  in  the  Pernot 
puddler  does  rise  and  run  into  the  joint,  but  without  giving  trouble. 

The  roofs  and  the  sides  of  the  hearth  are  made  of  silica  or  other 
suitable  brick.  The  bottom  of  the  hearth  is  made  of  fire-sand,  ram- 
med hard  ichile  the  hearth  is  out.  It  is,  hence,  much  more  durable 
and  more  easily  set  than  the  stationary  bottom.  This  is  proved  by 
the  fact  that  but  fifteen  minutes  are  required  to  repair  the  bottom 
and  tap-hole  after  a  heat,  while  from  one  to  two  hours  are  occupied 
in  similarly  repairing  stationary  furnaces. 

Each  8-ton  furnace  has  four  producers  of  the  ordinary  Siemens 
pattern  and  size. 

The  Pernot  hearth  is  shown  by  Figs.  2  and  3,  Plate  IV,  with  its 
old  form  of  roof  on  the  left,  and  its  new  form  on  the  right.  In  1874 
I  had  occasion  to  examine  and  report  upon  the  very  satisfactory  out- 


*  Experts  do  not  get  a  satisfactory  explanation  of  this  slow  rotation.     Prob- 
ably little  effort  has  been  made  to  ascertain  the  best  speed. 
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put  of  the  furnaces  at  St.  Chamond,*  in  France.  But  the  construc- 
tion of  tlie  roof  and  ports  presented  some  practical  difficulties,  which 
I  found  to  be  entirely  remedied  in  1877.  No  further  changes  have 
since  been  required,  and  the  system  is  no  longer  in  any  sense  ex- 
perimental. 

The  old  roof  was  flat,  and,  consequently,  weak  in  itself;  and  it 
did  not  receive  a  continuous  support  from  the  circular  iron  frame- 
work which  rests  on  the  ])iers  containing  the  vertical  ports.  The 
roof  was  necessarily  high  above  the  bath,  and  too  flat  to  deflect  the 
flames  well  upon  the  metal,  so  that  there  v/as  a  waste  of  heat. 

The  new  roof  is  a  flat  dome,  resting  upon  a  continuous  skew  back, 
which  is  supported  by  the  circular  iron  frame.  This  strong  dome- 
roof  may  be  pierced  for  ports  and  door,  without  being  materially 
weakened.  The  ports  lie  on  top  of  the  roof,  instead  of  underneath 
it,  as  in  the  old  furnace.  The  new  roof  may  also  be  lower  than  the 
old  one — a  most  important  feature — the  flame  is  thrown  straight  down 
upon  the  bath. 

The  Pernot  system  has  the  following  advantages  over  the  fixed 
hearth  : 

1.  Mechanical  agitation  of  the  bath. — Seeing  that  violent  agita- 
tion, by  promoting  chemical  reactions,  completes  the  oxidation  of 
silicon  and  carbon  in  the  Bessemer  cast-iron  bath  in  fifteen  or  twenty- 
minutes,  while  a  similar  oxidation  of  impurities  in  the  open-hearth 
process,  by  means  of  ore  without  agitation,  takes  ten  hours,  it  is  ob- 
vious that  the  time  of  the  operation  is  shortened  in  proportion  to  the 
amount  of  agitation.  Shortening  the  time  of  course  increases  the 
output  of  a  given  plant,  and  decreases  fuel,  attendance,  and  expenses 
generally. 

It  has  been  objected  that  shortening  the  open-hearth  operation  is 
likely  to  concentrate  phosphorus,  as  the  Bessemer  process  does,  but 
that  a  prolonged  oxidizing  action  tends  to  remove  it.  This  may  be 
true,  but  in  a  very  limited  degree;  the  prolonged  high  temperature 
of  the  open-hearth  bath  contributes  to  the  retention  of  phosphorus  in 
the  iron.  The  objection,  however,  becomes  quite  unimportant  in  view 
of  the  present  systems  (which  will  be  further  referred  to)  of  dephos- 
phorizing the  materials  before  they  are  put  into  the  open-hearth 
bath. 

The  mechanical  agitation  in  the  Pernot  furnace  is  the  constant 
rolling  down  hill  of  the  fluid  materials  in  the  hearth  and  their  con- 

*  Mr.  Charles  Pernot  is  the  engineer  of  the  "  Soci6te  des  Forges  et  Acieries- 
de  la  Marine,"  late  Petin,  Gaudet  &  Cu.'s  Works,  at  St.  Chamond^ 
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sequent  turning  over,  stirring  and  fresh  exposure  to  oxidizing  in- 
fluences. At  the  same  time  the  solid  materials  are  at  each  revolution 
raised  into  the  full  action  of  the  flame,  and  then  dipped  under  the 
bath,  which  coats  them  with  slag,  and  prevents  their  oxidation. 

2.  Heating  the  bottom  sides  of  the  hearth  is  an  advantage  of  rota- 
tion and  of  the  inclined  axis.  The  side  that  is  lifted  out  of  the  bath 
at  one-half  revolution  is  exposed  to  the  flame,  and  carries  its  heat 
under  the  bath  at  the  next  half  revolution.  Thus  the  chilling  and 
sticking  of  the  charge  on  the  bottom  may  be  largely  prevented. 

3.  Facility  of  charging. — The  simple  throwing  in  at  the  door  of 
the  solid  materials,  which  the  revolving  of  the  bottom  will  distribute, 
is  an  obvious  advantage  over  distributing  the  materials  all  over  a 
stationary  hearth  by  means  of  a  peel  and  with  much  more  hand 
labor. 

4.  Facility  of  repairs,  due  to  the  removable  hearth,  is  one  of  the 
most  important  advantages  of  the  Pernot  system.  I  had  an  oppor- 
tunity to  test  the  statement,  current  about  the  works,  that  the  repairs 
could  be  made  "  over  Sunday." 

An  8-ton  furnace,  with  new  roof  and  ports,  had  run  two  months 
without  any  repairs.  It  had  made,  on  soft  plate  and  gun  steel,  12 
turns  per  week,  and  1.66  heats  per  turn,  yielding  some  1300  tons  in 
all.  I  saw  a  partially  melted  heat  in  the  furnace  late  on  Saturday 
afternoon  ;  it  was  tapped  about  eleven  o'clock,  p.m,  and  the  hearth 
was  soon  after  pulled  out.  At  ten  o'clock,  a.m.,  Sunday,  I  saw  the 
roof  and  hearth  repairs  in  process ,of  completion ;  the  hearth  was  run 
under  a  little  after  noon,  and  I  saw  a  heat  tapped  out  at  half-past 
ten  o'clock,  Monday  morning.  About  half  the  roof,  after  this  two 
months'  use,  was  very  good.  The  part  lying  between  the  ports  had 
been  two-thirds  burned  through,  and  had  to  be  nearly  all  renewed. 
The  roof  near  the  door  had  been  a  little  cut  away.  A  new  ring  of 
bricks  was  set  around  each  port,  and  the  covers  of  the  ports  (bricks 
in  clamps),  above  their  entrances  to  the  furnace,  were  wholly  renewed. 
With  the  old  form  of  roof,  the  bottom  of  the  port  just  over  the  hearth 
would  not  stand  above  50  heats  ;  with  the  new  form,  the  whole 
skew-back  supporting  the  dome-roof  seemed  pei'fectly  good.  The 
silica  bricks  used  (they  were  not  the  best)  were  quite  friable,  and 
appeared  to  have  broken  away,  rather  than  burned  out,  in  some 
places. 

The  parts  of  the  roof  most  exposed  to  heat  in  action  are  most  ex- 
posed to  cold  air  when  the  hearth  is  run  out ;  and  as  the  clamps 
forming  the  port  covers  are  pulled  off  at  the  same  time,  the  parts  to 
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be  cooled  are  only  thin  walls  exposed  on  both  sides  to  the  air,  and 
not  receiving  heat  from  the  regenerators.  I  could,  therefore,  bear 
my  hand  on  this  roof  in  less  than  twelve  hours  after  a  soft  steel 
charge  had  been  tapped  from  under  it.  And  the  rapidity  of  repairs 
prevents  the  regenerators  from  cooling  much,  so  that  the  furnace  is 
quickly  ready  for  another  charge.  Seeing  that  the  repairs  mentioned 
could  be  made,  or  that  a  whole  roof,  if  necessary,  could  be  renewed 
every  Sunday,  as  well  as  every  month  or  two,  it  is  obvious  that  no 
important  delays  due  to  maintenance  can  occur  with  the  Pernot  sys- 
tem. The  roof  and  i)orts  over  a  stationary  hearth,  however,  cannot 
be  got  at  for  repairs  until  the  hearth  and  the  regenerators  are  cooled, 
and  this  must  obviously  take  four  to  six  days,  unless  water  is  used  ; 
and  water  tends  to  injure  tiie  brickwork.*  Pipes  from  a  fan  are 
now  arranged  to  blow  air  down  upon  those  parts  of  the  roof  which 
are  most  heated  internally,  with  good  results.  The  greater  part  of 
the  roof  stands  250  to  300  heats. 

The  repairs  of  the  Pernot  hearth  are  also  facilitated  by  its  removal. 
As  it  is  thicker  than  the  roof,  it  does  not  cool  as  quickly ;  water  is, 
therefore,  used,  but  it  only  touches  the  brick  to  be  renewed,  and  does 
not  injure  the  brickwork  of  the  furnace  proper.  The  8-ton  furnace 
hearth  is  lined  with  4|-inch  brick  next  the  sides,  and  two  rows  of 
silica  blocks,  9  inches  thick  each.  The  bottom  is  8  to  9  inches  of 
pure  silica  sand,  mixed  with  a  little  sandy  fire-clay,  which  slightly 
fluxes  it,  so  that  it  will  set  hard.  After  the  above  two  months'  run- 
ning, the  bottom  was  good — it  had  been  renewed  by  throwing  in 
sand  where  needed  from  time  to  time;  but  the  whole  of  the  first 
course  of  9-inch  side  blocks,  and  about  half  the  second  course,  had 
been  cut  away.  These  sides  are  too  steep  to  be  repaired  by  sand 
when  the  furnace  is  running;  and  the  mechanical  action  of  the  bath 
wears  them.  The  blocks  must,  therefore,  be  quite  hard  and  refrac- 
tory. Seeing  that  Bessemer  vessel  linings  stand  the  same  chemical 
and  a  much  more  violent  mechanical  action  for  a  much  longer  time, 
and  that  there  are  the  best  possible  facilities  for  ramming  a  ganister 
lining  into  a  Pernot  hearth,  it  would  seem  that  a  much  better  ])rac- 
tice  than  tliat  at  St.  Chamond  is  possible.  The  bottom  can,  however, 
be  repaired  every  Sunday,  if  necessary;  and  duplicate  bottoms,  like 
those  of  Bessemer  vessels,  may,  of  course,  be  used. 

5.  The  safety  and  convenience  of  the  bottom  are  increased  in  various 

*  In  the  stationary  6-ton  and  8-ton  furnaces,  twenty-four  hours  must  elnpse 
before  brick  can  be  laid  ;  then  twenty-four  to  forty-eight  hours  more  to  get  the 
furnace  ready  for  gas,  and  finally  twenty-four  to  forty -eight  more  to  get  out  the 
first  heat.     The  time  varies  with  the  extent  of  repairs. 
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^vays  by  the  Pernot  system.  In  case  the  steel  gradually  works 
througli  the  bottom,  it  can  be  detected  at  once  by  the  heating  of  the 
bottom  plate,  and  checked  by  a  stream  of  water.  This  is  also  the 
case,  in  a  less  degree,  with  the  latest  stationary  hearths,  which  stand 
over  a  vanlt.  But  if  the  break  is  on  either  side  of  the  Pernot  bottom, 
that  part  can  be  turned  up  so  as  to  have  but  2  or  3  inches  of  metal 
over  it,  when  it  can  be  readily  chilled. 

If  the  metal  cannot  all  be  tapped  out,  or  if  a  "  bear"  occurs  from 
any  cause,  the  scrap,  and  the  lining  also,  if  necessary,  can  be  hoisted 
straight  out  with  a  crane,  while  the  whole  roof,  if  not  the  side  walls, 
must  be  removed  to  get  a  "bear"  out  of  a  stationary  hearth.  The 
convenience  of  frequently  repairing  the  hearth  prevents  the  accumu- 
lation of  scrap  in  it,  and  also  the  probability  of  the  charge  breaking 
through.  The  latter  disaster  has  never  occurred  at  St.  Chamond. 
The  little  scrap  that  stays  in  the  hearth  when  the  charges  are  cold 
is  melted  out  in  the  usual  way. 

The  operation  in  the  Pernot  furnace  may  be  the  same  in  all  re- 
spects as  that  in  the  stationary  hearth,  except  that  it  is  more  rapid. 
Pig  and  scrap  of  various  kinds,  and  in  various  proportions,  are  used 
at  St.  Chamond.  The  pig  and  ore  process  has  not  been  employed,* 
but  there  is  obviously  no  reason  why  it  may  not  be.  There  is  a 
space  of  some  6  inches  for  slag  between  the  top  of  the  bath  and  the 
lowest  part  of  the  joint,  and  more  may  be  left,  if  necessary.  The  ro- 
tating hearth  offers  the  best  possible  facilities  for  tapping  off  slag. 
By  stopping  the  rotation,  opening  a  tap-hole  at  suitable  height,  and 
then  rotating  the  hearth  till  the  steel  just  reaches  the  bottom  of  this 
hole,  all  the  slag  may  be  forced  out  by  means  of  a  suitable  tool 
worked  through  the  door.  Skimming  the  slag  from  soft  charges  is 
regularly  practiced  at  Creusot. 

The  sizes,  working  and  output  of  the  Pernot  furnaces  at  St. 
Chamond  have  been  somewhat  changed  from  time  to  time.  In  1874 
there  were  two  "five-ton"  furnaces,  which  I  saw  making  five  4-ton 
heats  in  twenty-four  hours.  The  regenerators  were  afterward  slightly 
enlarged,  and  the  hearth  was  lined  thinner,  so  as  to  hold  seven  to 
^ight  tons.  Late  in  1876  the  new  form  of  roof  was  introduced,  and 
a  few  months  later  I  saw  an  improved  practice.  The  larger  part  of 
the  material  was  charged  cold,  and  the  average  number  of  7-ton 
heats  was  three  and  one-third  per  twenty-four  hours.     The  regener- 


*  The  pig  and  ore  process  is  not  employed  at  Terrenoire  either,  nor  at  Creusot. 
At  the  latter  place  a  little  ore  is  sometimes  thrown  into  a  pig  scrap  bath  to 
iheat  it- 


THE   PERNOT   FURNACE. 


247 


ators  were  then  working  a  little  cold,  on  acconnt  of  bad  drainage 
around  them.  Now  the  material  is  all  charged  hot,  the  regenerators 
work  well,  and  the  average  number  of  heats  is  four  per  twenty-four 
hours,  or  twenty-four  charges  per  \veek,  on  ordinary  steel.  On  very 
soft  steel  the  charges  are  three  or  four  less  per  week.  In  the  former 
case  the  bath  is  not  fully  decarburized,  and  this  saves  time.  When 
making  soft  steel,  the  bath  is  fully  decarburized,  and  then  brought 
up  to  the  exact  point  by  ferromanganese. 

The  actual  time  of  making  a  heat  is  about  five  hours.  One  hour 
is  allowed  to  clear  and  repair  the  bottom,  and  to  charge  the  furnace 
by  the  awkward  means  used. 

Table  I  gives  some  particulars  of  the  practice  in  187(5-77,  and 
Table  II  gives  some  particulars  of  the  later  practice,  and  also  of  costs. 


Table  I. 
"  Eight-ton  "  Pernot  Ftc7-nace  Practice  in  1876-7 
Total  number  of  turns  in  four  weeks, 
Average  number  of  operations  per  twenty-four  hours, 
"         tons  of  ingots  per  twentj'-four  hours, 
"  "  "        per  operation, 

Producer  coal  per  ton  of  ingots,  pounds,    . 
Preheating  furnace  coal  per  ton  of  ingots,  pounds,    . 
Steam  coal,  estimated,  pounds,  .... 

Total  coal  per  ton  of  ingots,  pounds,     . 
Average  total  charge  per  ton  of  ingots,  pounds, 
"  loss  on  raw  material  to  ingots,    . 


44. 

3.27 

21.73 

6.64 

645 

118 

100 

863 

2,373 

5.94  per  cl. 


Table  II. 

"  Eiffht-ton"  Pernot  Furnace  Practice  in  1878. 
One  furnace,  working  twentj-two  days  and  two  hours,  making  chiefly  mild 
steel  for  cannon. 

Labor  (working  two  or  three  furnaces). 

Wages  of 

each  man 

per  ton. 

One  head  gasman,  .... 

Two  helpers,  ..... 

Two  coal  wheelers, 

One  man  runner,    .... 

One  helper,     ..... 

Two  sweepers,         .... 

Two  melters,  ..... 

One  fireman  (preheating  furnace). 

Two  helpers,  ..... 


Three  pitmen. 
Four  stockers. 


Total, 


09 

$0  09 

U 

9 

4h 

9 

9 

9 

7 

7 

n 

9 

9 

18 

6 

6 

^ 

9 

6 

12 

6 

18 

4;^ 

18 

)1  33 
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Labor  paid  by  the  day  (all  on  day  turn  only,  except  two 

engineers)  per  ton  as  follows,       .....  $0  32 

Total  labor, 1  65 

Average  daily  production  (twenty-four  hours)  in  May  =  24.79  tons,  which 
makes  day  labor  per  ton — $ 7. 95 -r- 24.79  =  $0.32. 

"Washes  per 
day. 

Two  engineers  at  pump, $0  90  $1  80 

One  general  man  at  pump,      .....  65  65 

Two  engineers  at  furnace,       .....  70  1  40 

One  laborer,    ........  65  65 

"     dayman,            .......  70  70 

"     roaster, 50  50 

"     sweeper,  ........  60  60 

"     chipper, 90  90 

"     helper, 75  75 

Total, $7  95 

Consumption  of   materials — iron,    scrap,    and   spiegel, 

pounds, 1,280,372 

Product,  pounds, 1,224,002 

Loss,  .......  56.870 

or  4.3  per  ct. 
Average  weight  of  charge,  tons,     .....  6.1 

Number  of  charges  per  twenty-four  hours,    .         .         .  4.09 

Production,  tons,  . 24.79 

The  labor  at  St.  Chamond  is  excessive,  and  may,  of  course,  be 
reduced  by  better  handling  arrangements.  The  coal  for  the  steel 
furnace  has  been  as  low  as  600  pounds  per  ton  of  ingots. 

The  preheating  furnaces,  which  two  years  ago  were  used  to  heat 
Spiegel  and  some  scrap  (two  tons  at  the  most  for  one  steel  furnace), 
have  been  enlarged  to  preheat  all  the  pig  and  scrap.  Formerly,  the 
pig  and  nearly  all  the  scrap  were  charged  together  cold  ;  now  they 
are  charged  together  hot,  and  hot  scrap  is  added  as  required. 

When  it  is  time  to  cast,  the  hearth  is  turned  so  as  to  bring  the 
tapping  spout  under  the  deepest  part  of  the  bath.  Should  any  acci- 
dent occur  to  the  breast  or  to  the  ladle,  the  spout  may  be  turned 
back  to  stop  the  flow  of  metal.  After  the  steel  has  run  out,  the  spout 
may  be  turned  a  little  so  as  to  run  the  slag  into  a  car.  An  extra 
breast  should  be  provided  to  prevent  too  much  wear  of  lining  around 
one  breast. 

The  principal  dimensions  of  the  various  Pernot  furnaces  at  St. 
Chamond  are  given  in  Table  III : 


THE    PERNOT   FURNACE.  249 

Table  III. 

Eight-ton  Furnace. 

Ft.  In. 

Diameter  of  shell  of  pan,     .         .         .         .         .         .         .  10  8 

"         inside  of  lining, (3  10 

Depth  of  pan,      .........  1  6 

"             bath  centre,          0  8 

Size  of  valves,     .........  2  0 

"       one  regenerator,      .         .         6  ft.  2  in.  x  3  ft.  9  in.  x  8  6 

Total  cubic  contents  of  regenerators, 790  c.  ft. 

Tweniy-ion  Furnace. 

Diameter  of  shell  of  pan,     .......  17  2 

"             inside  of  lining, 13  9 

Depth  of  pan,       .........  0  \Q)h 

"       bath  in  centre,  ........  0  9 

Size  of  valves,      .........  2  9 

"         one  regenerator,       .         .       10  ft.  2  in.  x  3  ft.  8  in.  x  8  6 

Total  cubic  contents  of  regenerators,  .....  1280  c.  f. 

Puddling  Furnace. 

Diameter  of  pan,          ........  8  8 


Depth  of  pan, 0     14 

Size  of  fire-box, 3  ft.  3  in.  x  4     10 

The  Twenty-ton  Furnace. — The  general  dimensions  of  this  furnace 
are  given  above.  It  has  been  run  only  at  the  rate  of  two  heats  per 
twenty-four  hours.  It  is  stated  that  it  might  be  run  faster,  but  that 
it  makes  all  the  steel  at  present  wanted,  mo.^t  of  its  product  being 
large  castings  for  cannon,  armor  plates,  and  shafting.  An  eighty- 
ton  hammer  is  nearly  completed,  and  foundations  are  going  on  for 
three  more  twenty-ton  furnaces,  so  that  the  size  of  furnace  must  be 
satisfactory.  AVe  know  that  twelve  and  fourteen-ton  stationary  fur- 
naces make  at  least  as  many  heats  as  five  and  six-ton  stationary 
furnaces,  and  with  a  high  economy  of  fuel.  It  is,  therefore,  impos- 
sible to  believe  that  the  large  revolving  hearth  will  not  work  as  fast 
as  the  small  one. 

It  should  not,  however,  be  surprising  if  this  particular  furnace 
could  not  make  but  two  heats  a  day  ;  its  regenerator  is  but  little  over 
one-fourth  the  size  of  that  of  the  Terrenoire  twenty-ton  furnace,  and 
less  than  half  the  proportional  size  of  those  of  standard  furnaces. 
(See  Table  IV.)  The  arrangements  for  casting  large  ingots  are  at 
present  so  crude  at  St.  Chamond  that  it  is  difficult  to  see  how  more 
than  one  charge  per  turn  could  be  disposed  of. 
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TABLE  ly. 

Comparing  the  General  Dimensions  of  Various  Open-hearth 
Furnaces. 
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Pernot 

20  tons. 

149.6 

210.0 

246.0 

255 

255 

201.0 

254.5 

3.05 

Otis  Iron  and  Steel  Works  nsTTl 

115.5 

201.1 

290.8 

486 

648 

346.4 

346.4 

4.26 

(1875) 

92.6 
60.0 
85.8 

210.4 
149.3 
208.1 

309.4 
188.8 
299.1 

396 

288 
280 

495 

288 
476 

346.4 
283.5 
254.5 

346.4 
283.5 
346.4 

5.61 
5.63 
5.91 

10  tons. 

Landore 

7     " 

Landore 1 

12    " 

117.0 

315.2 

443.2 

432 

666 

346.4 

452.4 

6.48 

Panteg 

New  Siemens 

14    " 

135.0 

384.3 

548.2 

346.4 

346.4 

6.90 

10    " 

128.2 

429.9 

617.9 

315 

665 

452.4 

572.5 

8.17 

Terrenoh-e 

20    " 

107.3 

641.9 

641.9 

459 

496 

441.3 

441.3 

11.96 

Crucible  Steel 

IS.O 

91.6 

127.5 

108 

432 

176.7 

176.7 

12.17 

*  The  bed  of  this  furnace  was  afterwa 

rd  enlarged  to  fiftee 

n  tons 

capacit 

y.  wit 

1  regenerators 

unaltered. 

Capacity. — The  maximum  capacity  of  the  two  8-ton  furnaces  and 
the  20-tou  furnace  is  about  30,000  tons  per  year.  About  40  per 
cent,  of  the  steel  product  goes  into  other  uses  than  rails.  The  Besse- 
mer plant  at  St.  diamond  has  been  abandoned. 

Cost  of  Furnace. — The  cost  of  an  8-ton  Pernot  furnace  and  driving 
gear  at  St.  Chamond  is  said  to  be  $7800,  exclusive  of  producers, 
ga.s-flues,  and  stack.  Of  this,  the  entire  cost  of  apparatus  for  ro- 
tating and  withdrawing  the  hearth  (excluding  engine)  is  $1200. 
The  hearth  and  carriage  of  the  20-ton  furnace  weigh  about  38  tons. 
The  cost  of  the  whole  apparatus  above  ground,  including  engine,  is 
stated  to  be  $9000 ;  of  the  regenerators,  $1600  =  $10,600. 

At  St.  Chamond,  a  20-ton  and  two  8-ton  furnaces  are  running, 
and  tliree  20-ton  furnaces  ar6  buildiug.  There  are  elsewhere  in 
France,  two  Pernot  steel  furnaces,  also  two  in  Austria  and  two  in 
Russia. 

The  Pernot  Puddlcr. — A  few  facts  incidentally,  about  this  appa- 
ratus and  practice  may  be  of  interest.     A  large  number  of  these  fur- 
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naces  are  used  abroad ;  the  dimensions  of  the  furnaces  at  St.  diamond 
are  oiven  above. 

The  best  work  is  as  follows:  Number  of  eharges  per  twenty-four 
hours  with  ixrixy  jiig,  nine;  with  white  pig,  twelve;  weight  of  charges, 
one  ton.  Fuel,  per  ton  of  prockict,  with  gray  pig,  one  ton;  wuth 
white  pig,  1050  to  1700  pounds.  When  on  gray  pig,  the  furnace 
stops  about  two  hours,  three  times  a  week,  to  be  fettled  ;  on  wliite 
pig  it  is  fettled  on  Sundays  only.  Each  furnace  requires  two  pud- 
dlers,  two  helpers,  and  one  fireman.  One  man  attends  to  all  the 
rotating  engines.  The  labor  of  stirring  tiie  charge  is  very  slight — 
merely  holding  a  rabble  in  the  door;  the  labor  of  balling  and  lifting 
out  the  metal  is  nearly  as  great  as  in  hand  puddling.  The  con- 
sumption of  fettling  is  various,  according  to  quality;  the  purification 
of  product  may  be  made  pretty  complete,  but  probably  not  so  com- 
plete as  by  the  Danks-Bouvard  furnace,  at  Creusot. 

General  Arrangement  of  Open-Hearth  Plant. — Fig.  1,  Plate  IV, 
is  a  cross-section  of  one  of  the  plants  now  erecting  in  this  country. 
There  are  two  15-ton  furnaces,  having  a  common  ladle-crane  and 
two  ingot  cranes.  The  furnaces  are  set  high,  in  order  to  allow  a 
shallow  pit,  and  a  long  furnace  spout  with  a  good  fall,  when  re- 
quired ;  also  to  bring  the  flues  and  the  valves  and  the  entrances  to 
the  regenerator  chambers,  near  the  g-eneral  level.  The  stock  must 
be  raised  by  power  to  the  charging  door,  even  if  the  hearth  of  the 
furnace  runs  out  on  the  general  level.  The  advantages  of  elevated 
vessels  and  shallow  pits — a  short  lift  of  hot  material — have  been 
abundantly  proved  in  the  Bessemer  manufacture. 

That  part  of  the  charging  floor  (12  X  16  feet  in  plan)  immediately 
behind  the  removable  furnace  hearth,  is  a  carriage,  standing  on 
the  railway  upon  which  the  hearth  also  runs  out.  When  furnace 
repairs  are  to  be  made,  the  section  of  floor  is  run  back,  and  then  the 
liearth  is  run  out  from  under  the  roof. 

Close  behind  the  charging  door  of  each  furnace  there  is  a  hy- 
draulic lift,  so  that  either  fluid  materials  may  be  run  in  a  ladle  on  a 
car,  from  the  blast  furnace  or  cupola,  or  from  any  fluid-refining 
apparatus,  and  tipped  directly  into  the  steel  furnace,  without  other 
transference  or  delay;  or  solid  materials,  cold  or  hot,  may  be  brought 
on  a  car,  either  from  the  stock  yard  or  from  a  heating  or  puddling  or 
direct-process  furnace,  and  pushed  into  the  steel  furnace  door;  the 
revolution  of  the  hearth  distributes  the  solid  materials.  The  greatest 
convenience  and  celerity  of  charging  is  thus  attained.     There  are 
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cupolas  and  refining  apparatus  just  outside  the  open-hearth  building, 
and  the  cupola  lift  also  communicates  with  the  open-hearth  charging 
floor. 

It  seems  appropriate  in  this  connection,  and,  in  view  of  the  other 
inijirovements  in  open-hearth  plant  and  practice  which  have  been 
alluded  to,  that  I  should  conclude  with  a  brief  review  of  the  status 
and  prospects  of  this  manufacture  in  the  United  States. 

While  the  Bessemer  process  has  reached  a  high  degree  of  perfec- 
tion, so  high,  indeed,  that  the  directions  of  great  improvement  are 
not  obvious,  the  open  hearth  is  availing  itself  of  new  accessories  in 
every  direction.  The  Bessemer  looks  back  to  a  splendid  develop- 
ment ;  the  open  hearth  looks  forward  to  a  splendid  development. 

In  this  country,  to-day,  the  Bessemer  is  by  far  the  cheaper  method 
of  producing  the  ordinary  and  some  of  the  finer  grades  of  structural 
steel.  The  product  is  not  only  cheap,  but  when  made  of  the  best 
materials  and  with  the  skill  and  care  that  many  of  our  experts  can 
bestow,  it  is  trustworthy  and  excellent.  The  open-hearth  process, 
on  the  contrary,  is  performed  mostly  in  small  furnaces  and  in  works 
too  limited  to  fully  economize  labor  and  maintenance.  It  receives 
no  aid  from  any  preliminary  preparing  or  refining  operation.  Ex- 
cepting in  a  few  details  and  in  the  arrangement  of  a  few  works,  the 
plant  is  little  better  than  it  was  five  or  six  years  ago.  The  practice, 
however,  in  most  of  our  works,  is  excellent,  and  the  product  of  some 
of  them  is  not  exceeded  in  quality  anywhere  in  the  world.  For  very 
soft,  very  hard,  and  very  pure  products,  and  for  steel  castings,  the 
present  open  hearth  has  advantages  over  the  Bessemer.  The  materials, 
however,  are  of  the  most  expensive  character. 

But  what  are  the  indications  for  the  future?  The  Bessemer  must 
be  chiefly  confined  to  irons  very  regular  in  silicon,  and  hence  the 
most  costly  to  make;  to  irons  pretty  low  in  phosphorus*  and  so 
requiring  ores  that  average  the  dearest;  to  crude  irons  that  have  not 
been  purified  from  phosphorus,  because  they  would  then  also  be  puri- 
fied from  silicon,  and  would  not  be  hot  enough  to  blow.  If  reraelting 
the  pig  is  saved  by  working  directly  from  the  blast-furnace,  then  the 
ores  and  the  blast-furnace  practice  must  be  still  more  regular  and 
costly. 

The  open  hearth  has  the  following  advantages,  some  of  thera 
secured  and  some  within  reach  : 

*  The  results  of  the  lime  lining  and  lime  flux,  now  on  trial,  may  modify  this 
conclusion. 
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1.  It  is  not  dependent  for  temperature  on  the  ingredients  of  the 
materials :  hence,  so  far  as  heat  is  concerned,  it  can  digest  anything 
that  bears  the  name  of  iron. 

2.  It  can,  as  well  as  the  Bessemer,  take  its  material  direct  from 
the  blast  furnace  or  from  the  cupola. 

3.  The  greater  part  or  the  whole  of  its  materials  can  be  purified 
by  a  preliminary  process,  and  hence  the  cheapest  ores  can  be  used, 
M'hatever  their  quality.  This  can  be  done  in  which  ever  of  three 
ways  is  best  suited  to  the  particular  case : 

(rt.)  The  direct  process,  as  by  the  Siemens  rotator.  This  is  likely 
to  prove  the  best  of  the  purifying  processes. 

(b.)  Fluid  refining,  as  by  I.  Lowthian  Bell's  method.  This  is 
already  practiced  successfully  on  the  Continent. 

(c.)  Mechanical  puddling.  This  is  best  done  at  Creusot.  One 
Danks-Bouvard  furnace  produces  twenty  tons  of  blooms  in  twenty- 
four  hours,  from  metal  remelted  and  partially  desiliconized  in  a 
reverberatory  gas  furnace. 

4.  Very  impure  s(!rap,  such  as  old  iron  rails,  may  be  purified,  in 
connection  with  pig,  by  fluid  refining. 

5.  These  preparatory  processes  shorten  the  open-hearth  operation, 
and  so  decrease  the  cost  of  production,  and  increase  the  yield  of  a 
given  plant. 

6.  The  large  furnace  also  decreases  cost  and  increases  yield.  The 
Terrenoire  twenty-ton  furnace  works  just  as  fast  as  the  smaller  ones, 
when  each  is  M'orked  up  to  capacity. 

7.  The  Pernot  revolving  hearth  already  nearly  doubles  the  output 
of  a  given  regenerative  capacity,  and  it  greatly  facilitates  repairs. 

All  these  improvements,  most  of  which  are  well  developed,  are 
before  the  American  open-hearth  practice,  and  within  its  reach. 
Three  establishments  in  this  country  are  erecting  large  Pernot  fur- 
naces, with  refining  apparatus,  and  I  shall  be  much  surprised  if  a 
pair  of  these  furnaces  does  not  turn  out  above  one  hundred  tons  of 
ingots  per  day,  at  Bessemer  rates.  Other  establishments  are  erecting 
open-hearth  plants,  essentially  old-fashioned  and  cheap.  The  Bes- 
semer experience  has  certainly  proved  that  the  better  the  plant,  no 
matter  what  it  costs,  the  cheaper  the  product. 

The  open-hearth  process  cau  obviously  be  carried  on  in  connection 
with  the  Bessemer  process  to  the  greatest  possible  advantage  ;  it  can 
cheaply  utilize,  not  only  scrap  of  every  kind,  but  pig  iron  unsuitable 
for  Bessemerizing,  which  is  always  accumulating ;  and  it  can  most 


254  THE   PERNOT    FURNACE. 

cheaply  employ  the  rolling  and  finishing  machinery,  and  the  organ- 
ization already  existing. 

The  conclusion  is  inevitable  that  the  open-hearth  process  is  about 
entering  upon  a  development  which  will  largely  increase  the  use  of 
steel,  not  only  as  a  substitute  for  wrought  iron  and  cast  iron,  but 
with  new  adaptations  and  in  new  directions. 

Discussiox. 

Mr.  C.  E.  Stafford. — The  open-hearth  process  is,  as  yet,  in  its 
infancy.  It  will,  no  doubt,  in  the  near  future,  play  a  more  important 
part  in  the  production  of  steels  of  all  grades ;  and  is  destined,  as 
pointed  out  by  Mr.  Holley,  to  be  at  least  a  powerful  rival,  if  not  the 
successor  of  other  processes  at  present  in  use. 

While  acknowledging  the  many  merits  of  the  revolving  hearth,  I 
think  the  fixed  hearth  will  compare  very  favorably  with  it  both  as 
to  cost  of  repairs  and  fuel  economy. 

At  the  Pennsylvania  Steel  Works,  w^e  have  two  open-hearth  fur- 
naces, of  which  the  hearths  were  changed  from  six  to  fourteen  (gross) 
tons  capacity  by  bringing  out  the  sides  of  the  furnace ;  the  hearth  is 
now  nearly  octagonal  in  shape.  This  change  was  made  without,  in 
any  way,  altering  the  regenerator-chambers  or  the  area  of  the  ports. 
The  two  furnaces  were  placed  so  near  together  as  not  to  allow  room 
for  the  ports  to  be  properly  constructed. 

The  interval  between  repairs  is  seven  to  eight  weeks.  During  the 
first  three  to  four  weeks  of  this  period,  the  charge  of  32,000  pounds 
of  pig  and  scrap — charged  cold  and  at  one  time — is  in  the  furnace 
from  eight  to  nine  hours.  After  the  fourth  week  the  "  time  in  fur- 
nace" gradually  increases,  because  of  the  gas-chambers  being  too 
small.  These  chambers  at  the  beginning  of  the  campaign  seem  to 
have  just  enough  heating  surface  and  area  for  the  free  passage  of  the 
gas,  with  no  margin  for  the  decrease  of  effectiveness  caused  by  the 
filling-up  of  the  interstices  of  the  regenerator  bricks  by  the  so-called 
"red  soot,"  consisting  of  oxide  of  iron,  fine  sand,  etc. 

With  these  furnaces,  during  the  first  half  of  the  campaign,  or 
when  in  their  normal  condition  of  a  well-proportioned  furnace,  the 
coal  (Clearfield)  consumed  per  gross  tons  of  ingots  produced  is  six 
hundred  pounds. 

The  silica  brick  roofs  and  in-walls  have  been  in  service  more  than 
a  year  without  repair.  The  usual  repairs  consist  in  the  taking  out  of 
the  regenerator  bricks,  and  relaying  them,  and  the  facing  of  the  ports. 
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With  well-arranged  gas  and  air  ports,  large  regenerator-cham- 
bers and  capacious  slag-pockets,  or,  in  a  word,  with  a  well-propor- 
tioned and  properly  constructed  furnace,  using  silica  bricks,  or  cooled 
alumina  bricks,  T  see  no  reason  why  repairs  should  be  necessary 
of'tencr  than  once  in  six  or  eight  months. 

When  the  furnace  is  in  its  normal  condition,  the  time  necessary  for 
repairing  the  hearth  or  "making  bottom"  is  very  short,  although 
we  use  fourteen  to  twenty  hundred  weight  of  ore  to  oxidize  the  carbon 
in  the  charges.  The  interval  between  the  tapping  of  one  heat  and 
the  beginning  of  the  charging  of  the  next  is  forty-five  to  seventy-five 
minutes. 

I  have  given  the  above  details  of  these  furnaces,  together  with 
their  working,  to  show  that  passably  good  results  having  been  ob- 
tained even  under  disadvantages  :  much  better  results — both  in  re- 
gard to  economy  of  fuel  and  of  outlay  for  repairs — could  reasonably 
be  expected  of  a  well-proportioned  and  properly  constructed  furnace 
of  the  same  general  type. 

The  ordinary  and  Pernot  furnaces  differ  very  much  in  the  placing 
of  the  refractory  materials  forming  the  hearth ;  in  the  former  there 
is  a  large  mass  of  sand  below  the  slag  level  which  acts  as  a  reservoir 
of  heat,  preventing  that  sticking  of  the  metal  to  the  bottom  which 
is  prevented  in  the  latter  furnace,  w^ith  very  thin  bottom,  by  its 
periodical  exposure  to  the  direct  heat  of  the  flame.  Even  in  this 
case,  it  seems  to  me,  if  the  additional  weight  and  space  occupied 
would  not  be  objectionable,  a  thicker  bottom  would  be  an  advantage, 
especially  if  much  cold  stock  is  used. 

The  best  construction  of  the  ordinary  or  fixed  hearth  is  to  arrange 
it  so  that  from  a  little  below  the  slag  level,  the  mass  of  refractory 
material  should  be  as  great  as  possible  for  the  reason  pointed  out ; 
above  this  level  the  layer  should  be  comparatively  thin  and  cooled 
by  circulation  of  air,  or  other  means  to  prevent  excessive  scorifica- 
tion  of  the  sand  by  the  very  basic  slag  covering  the  metal. 

In  reply  to  an  inquiry,  Mr.  Stafford  gave  the  following  dimensions 
of  his  furnace :  Volume  of  air  regenerator,  285  cubic  feet ;  volume 
of  gas  regenerator,  183  cubic  feet — together  4G8  cubic  feet.  The  size 
of  the  hearth  may  be  taken  as  twelve  square  feet,  hence  : 

Volume  of  air  and  gas  chamber      468 

Area  of  hearth  1 44  ~  "^'"^ 
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THE    UNITED    STATES    TESTING   MACHINE   AT    WATER- 
TOWN  ARSENAL. 

BY  ALEXANDER  L.    HOLLET,   C.E.,  LL.D.,  NEW  YORK  CITY. 

The  400-ton  testing  machine,  ordered  in  June,  1875,  by  the  United 
States  Board  appointed  to  test  ''iron,  steel,  and  other  metals,"  has 
lately  been  completed  at  the  Watertown  Arsenal,  thoroughly  proved 
and  accepted  by  the  Board,  The  excellence  of  the  machine  in  every 
respect  is  more  than  satisfactory,  and  its  accuracy  is  at  first  sight 
astonishing,  although  an  investigation  of  its  principles  must  show 
that  if  the  weighing  apparatus  will  weigh  at  all,  it  must  do  so  with 
perfect  accuracy,  because  all  its  movements  are  absolutely  without 
friction. 

The  proof  experiments  were  numerous,  and  the  effects  of  recoil 
after  sudden  ruptures  at  maximum  loads,  were  watched  with  great 
care,  but  without  much  anxiety,  because  the  weighing  parts  affected 
are  by  no  means  delicate  in  structure,  and  their  motion  is  almost 
infinitely  small.     Among  the  tests  were  the  following  : 

A  forged  link  of  hard,  wrought  iron,  5  inches  in  diameter  between 
the  eyes,  was  slowly  strained  in  tension,  and  broke  short  off  with  a 
loud  report  at  722,800  pounds.  The  diameter  before  breaking  at 
the  point  of  fracture  was  5.04  inches ;  after  breaking,  4.98  inches. 

In  order  to  see  if  the  weighing  parts  had  been  disturbed  by  the 
recoil,  which  was  obviously  near  the  greatest  recoil  the  machine  will 
ever  suffer,  a  horse-hair  was  next  tested ;  it  was  7-lOOOths  of  an  inch 
in  diameter;  it  stretched  30  per  cent.,  and  broke  at  1  pound.  Other 
horse-hairs  vary  in  tenacity  between  1  and  2  pounds.  Of  course,  the 
accuracy  of  the  machine  on  such  delicate  specimens,  and  indeed  on 
specimens  having  some  hundreds  of  pounds  tenacity,  has  been 
checked  and  proved  by  other  weighing  machines. 

A  5-inch  round  bar,  turned  down  to  3f  inches  diameter  along  the 
centre,  was  pulled  apart  at  430,200  pounds  tension.  Then  some  more 
horse-hairs  were  tested;  also  copper  wires  I9|-1000thsof  an  inch  in 
diameter,  which  averaged  25  pounds  tenacity. 
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Specimens  were  subjected  to  1 ,000,000  pounds  compression,  although 
the  contract  calls  for  but  800,000  pounds.  After  these  proofs  delicate 
structures,  such  as  eggs  and  nuts.  Mere  tested  in  compression,  and 
violin  strings  in  tension.  It  is  unnecessary  to  multiply  instances. 
It  seems  safe  to  conclude  that  bars  and  structures  up  to  400  tons 
can  now  be  tested  witli  perfect  accuracy,  and  tliat  there  is  no  reason 
to  fear  the  deterioration  of  the  weighing  apparatus. 

It  is  not  the  purpose  of  this  paper  to  describe  the  machine  in  de- 
tail, because  foreign  patents  to  the  inventor  and  builder,  Mr.  A.  H. 
Emery,  are  not  fully  secured.  Speaking  generally,  the  machine  con- 
sists of  a  double-acting  straining  cylinder  and  ram  on  a  carriage  at 
one  end,  and  a  movable  weighing  apparatus  at  the  ©ther  end.  The 
two  are  connected  by  a  pair  of  8-inch  screws  48  feet  long.  N^uts 
driven  by  shafting  move  the  straining  cylinder  to  different  places  on 
the  screws,  so  as  to  test  long  or  short  specimens.  The  weighing  ap- 
paratus has  already  been  described  in  print  as  a  reversed  Iiydrostatic 
press,  having  diaphragms  instead  of  pistons.  The  load  is  transfer- 
red, by  means  of  a  fluid  (alcohol  and  glycerin),  by  a  series  of  large 
diaphragms  to  a  series  of  small  ones,  and  finally,  to  a  system  of  scale- 
beams.  Thus  a  weight  of  800,000  pounds,  acting  through  an  in- 
conceivably small  space,  finally  moves  a  finely  graduated  indicator 
at  the  rate  of  1-lOOth  of  an  inch  per  pound.  It  is  allowed  to  move 
through  a  space  of  2  inches,  and  is  kept  balanced  by  weights  me- 
chanically placed  quickly  on  or  off  the  scale-beam.  One  pound,  in 
moving  the  indicator  1-lOOth  of  an  inch,  moves  the  platform  against 
whicli  the  load  presses  l-42,000,000th  of  an  inch.  The  whole  ar- 
rangement of  the  scale-beams,  the  adding  and  removing  of  weights, 
and  tlie  fast  or  slow,  but  always  steady  application  of  pressure,  are 
ingenious  and  convenient  in  the  highest  degree.  By  means  of  uni- 
versal joints,  the  pressure  pipes  are  always  connected  to  the  straining 
cylinder,  etc.,  whatever  their  positions.  The  steam-pump  and  the 
accumulator  have  cylinders  and  weights,  respectively  for  high  and 
low  pressures,  and  the  machine  receives  pressure  without  pulsation, 
from  the  accumulator,  only  when  testing. 

The  machine  was  built  at  the  works  of  the  Ames  Manufacturing 
Company,  at  Chicopee,  Mass.  The  principal  castings  (80,000  lbs. 
of  gun  iron)  were  made  at  the  South  Boston  Iron  Works,  and  the  steel 
and  iron  forgings  at  the  Nashua  Iron  and  Steel  Works.  The  finished 
metal  In  the  machine  weighs  175,000  pounds,  and  includes  pieces 
of  14,000  pounds  down  to  those  of  which  250,000  would  weigh 
1  lb.     The  hydrostatic  weighing  platform  of  the  machine  was  tested 
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to  1,500,000  pounds,  but  so  perfectly  frictionless  is  it  that  a  horse-hair, 
under  a  breaking  strain  of  1  lb.,  had  to  move  24,000  pounds  of  metal. 
The  workmanship  is  also  remarkable.  The  8-ineh  screws,  48  feet 
long,  were  fitted  to  gauges  within  one-thousandth  of  an  inch  in  di- 
ameter throughout  their  length,  and  similar  accuracy  was  maintained 
in  other  parts. 

The  cost  to  the  government  of  the  machine  and  appurtenances, 
was  as  follows : 

The  machine,  with  pump  and  accumulator,  . 
Erection,         ........ 

Foundations  and  accumulator  pit, 
Travelling^rane,   ....... 

Steam-pipes  for  heating  building, 

Total, 

The  Board  had  been  convinced  of  the  accuracy  and  the  durability 
of  the  Emery  weighing  apparatus  up  to  a  few  tons  stress,  but  they 
were  unwilling  to  risk  the  failure  of  so  expensive  a  testing  machine 
on  this  apparatus  alone.  So  they  added  an  independent  weighing 
apparatus  on  the  next  best  of  the  several  plans  submitted.  This  is 
the  plan  of  Mr.  Charles  E.  Emery — an  excellent  system,  and  vastly 
more  accurate  than  any  previously  used,  although  much  less  sensi- 
tive than  that  of  Mr.  Albert  H.  Emer}',  the  builder  of  the  machine. 
It  had  long  been  suspected  that  the  pressure  of  the  fluid  in  the  strain- 
ing cylinder  of  a  testing  machine  is  sometimes  very  much  higher 
than  the  pressure  on  the  specimen,  by  reason  of  the  friction  of  the 
piston  packing,  especially  under  great  stresses.  Mr.  Charles  Emery 
demonstrated  to  the  Board  that  this  packing  friction  could  be  so  far 
overcome  by  revolving  the  piston  by  power,  that  it  would  move 
freely  longitudinally,  and  that  the  fluid  pressure  in  the  cylinder 
would  pretty  accurately  represent  that  on  the  specimen.  A  supple- 
mentary cylinder,  on  a  carriage,  was  therefore  placed  between  the 
straining  cylinder  and  the  specimen,  and  its  piston  was  arranged  to 
be  revolved  by  the  shafting  before  mentioned.  The  pressure  per 
square  inch  in  this  cylinder  would  very  nearly  represent  that  per 
square  inch  on  the  specimen.  But  it  was  not  an  easy  matter  to  con- 
struct a  gauge  which  should  perfectly  measure  even  3700  lbs.  cylin- 
der pressure  per  square  inch.  Thi.s,  Mr.  Albert  Emery,  however, 
accomplished  on  his  reversed  hydrostatic  press  system.  Within  the 
lower  ranges  of  total  pressure,  these  two  weighing  machines  indi- 
cated so  nearly  alike  as  to  prove  that  revolving  the  piston  would 
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show  approximate  accuracy  of  pressure,  but  at  tlie  higher  ranges,  so 
great  was  the  packing  friction  that  the  heavy  machinery  provided 
wouki  not  revolve  the  ram.  It  now  seems  probable  that  this  sup- 
plementary apparatus  will  not  be  regularly  used,  although  it  may 
readily  be  made  heavier,  and  it  will  always  be  valuable  to  correct 
the  readings  of  the  other  apparatus.  It  is  certainly  worth  many 
times  its  cost  in  proving  the  worthlessness  of  hydraulic  testing  ma- 
chines as  heretofore  constructed.  The  readings  of  the  permanent 
weighing  ajiparatus,  as  compared  with  those  of  the  cylinder  gauge 
when  the  piston  was  not  revolving,  showed  in  some  cases  an  error 
of  40  per  cent. 

I  regret  that  I  cannot  now  refer  to  other  extremely  valuable  fea- 
tures of  this  machine,  on  account  of  Mr.  Emery's  patents.  The  im- 
portance of  a  testing  machine  of  great  power  cannot  be  overestimated. 
Constructors  are  beginning  to  find  out  that  they  have  been  led  astray 
by  predicating  the  physical  qualities  of  large  bars  on  those  of  smaller 
ones.  One  might  almost  as  well  exhibit  a  brick  as  the  measure  of 
the  strength  of  a  wall.  The  very  first  high  stresses  put  upon  this 
machine  were  a  striking  commentary  on  the  error  referred  to.  The 
link  which  broke  at  above  700,000  pounds  was  sent  out  by  the  makers 
as  "  60,000-pound  iron,"  but  it  broke  at  a  little  over  36,000  pounds. 
The  bar  which  broke  at  above  430,000  pounds  was  made  of  the  very 
iron  which,  having  endured  above  59,000  pounds  per  square  inch  in  a 
1-inch  bar,  broke  at  about  37,000  pounds  per  square  in  a  5-inch  bar 
turned  down  to  3|-inch. 

But  measuring  the  strength  of  large  bars  is  not  the  only  advan- 
tage of  a  large  machine;  it  is  equally  important  to  determine  the 
weaknesses  of  structures,  and  so  to  lead  to  the  development  of  per- 
fect forms.  Given  the  .strength  of  the  individual  pieces,  it  is  impos- 
sible, for  instance,  to  calculate  the  strength  of  a  latticed  column. 
But  a  testing  machine  that  will  take  in  a  whole  bridge  post,  or  a 
whole  section  of  top  chord,  and  subject  it  to  a  regularly  increasing 
and  measured  stress  up  to  the  point  of  destruction — such  a  machine 
develops  structural  defects,  as  well  as  the  physical  qualities  of 
materials. 

Comparative  experiments  on  similar  specimens,  to  test  the  accu- 
racy of  other  machines,  have  not  yet  been  made.  The  fluid  pressure 
in  the  straining  cylinder  and  the  knife-edge  weighing  machine,  or 
ordinary  scale,  are  the  only  other  systems.  However  they  may  an- 
swer for  small  stresses,  it  is  probable  that  they  are,  as  heretofore 
constructed,  totally  inadequate  and  misleading  for  great  stresses. 
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The  United  States  testing  machine  can  apply  1,000,000  pounds 
compressive  stress  to  specimens  of  any  length  up  to  30  feet.  It  can 
apply  800,000  pounds  tensile  stress  to  links  or  specimens  made  so  as 
to  be  held  by  pins  of  any  length  up  to  37  feet.  By  a  small  addition  to 
the  machine,  specimens  not  occupying  more  room  than  the  straining 
link  of  the  machine,  can  be  tested  up  to  about  45  feet  length.  The 
apparatus  for  transverse  strains  has  not  yet  been  applied,  nor  has 
the  board  had  the  means  to  suj)ply  many  needed  tools  and  instru- 
ments of  precision  for  measuring  the  stretch  of  the  specimen.  Such, 
briefly,  is  the  United  States  testing  machine;  an  engine  of  power 
and  precision,  in  which  lie  the  possibilities  of  a  revolution  in  the 
manufacture  of  iron,  steel,  and  bronze,  and  in  the  proportioning  and 
adaptation  of  structures.  I  use  the  word  possibilities  advisedly ; 
the  immediate  probabilities  of  such  a  grand  work  are  not  conspicuous, 
for  the  Congress  of  the  United  States  has  refused  to  furnish  the  money 
to  make  the  machine  available.  It  has  refused  to  continue  the  Board, 
and  on  the  30th  of  June  next,  according  to  law,  the  Board  will  die. 
It  has  even  removed  the  machine  from  the  custody  of  the  Board  to 
that  of  the  Secretary  of  War.  But  it  has  done  another  thing  ;  it  has 
announced  its  own  magnificent  scheme  for  solving  the  problem  upon 
which,  more  than  on  any  other,  the  immediate  improvement  of  struc- 
tures depends, — the  improvement  of  bridges,  and  ships,  and  iron 
buildings,  and  ordnance,  and  every  kind  of  machinery.  The  scheme 
of  Congress  amounts  to  this, — anybody  can  send  his  materials  to  the 
Watertowu  Arsenal,  and  have  them  tested  at  cost,  if  there  is  any- 
body there  to  test  them.     Let  us  see  how  it  will  work. 

There  is  a  general  call  now  for  steel  long-span  bridges.  Nobody 
knows,  except  approximately,  the  grade  of  steel  required  for  the 
various  kinds  of  stress,  or  the  physical  quality  of  bars  of  working 
sizes.  Our  knowledge  of  the  strength  of  structures,  such  as  built-up 
top  chords  and  columns  of  steel,  is  still  more  limited.  If  anything 
whatever  is  known  about  the  results  of  tests,  it  is  known  that  a  few 
experiments  would  be  inadequate,  if  not  misleading.  Hundreds  of 
full-sized  bars  and  members  must  be  tested  before  such  grades  and 
forms  can  be  determined  as  will  approximate  to  the  possible  economy 
in  bridge  construction.  This  means  the  expenditure  of  many  thou- 
sands of  dollars.  No  bridge  engineer,  no  bridge-builder,  can  afford 
such  experiments,  and  it  is  unlikely  that  any  railway  or  town  corpo- 
ration will  undertake  them.  If  an  engineer  does  undertake  them,  he 
cannot  spend  the  §50,000  or  more  necessary  to  get  complete  results, 
but  the  §5000  worth  of  testing  he  does  buy  is  fairly  his  own.     The 
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next  engineer  spends  another  $5000  in  substantially  the  same  direc- 
tion ;  the  next  spends  another  $5000  in  a  collateral  line  of  investi- 
gation, and  so  on;  and  if  a  hundred  engineers  and  corporations 
should  thus  spend'  half  a  million  of  money  without  an  organized 
co-operation,  they  would  be  travelling  the  same  ground  over  and  over 
again,  and  three-quarters  of  the  money  would  be  wastefully  expeoded. 
If,  on  the  contrary,  the  government  should  provide  a  tenth  part 
of  this  sum — $50,000 — to  buy  material,  and  make  structures,  and 
systematically  test  them,  under  the  superintendence  of  a  board  of 
engineers  representing  the  different  branches  of  construction,  and  also 
the  manufacture  and  manipulation  of  iron  and  steel,  is  it  not  prob- 
able that  every  one  of  the  bridge-builders  and  corj)orations  in  the 
country  would  get  vastly  better  information,  and  that  the  whole 
science  of  construction  would  be  at  once  lifted  to  a  higher  plane? 
And  if  twice  this  sum,  which  would  then  be  paltry  as  measured  by 
the  results,  were  thus  expended  every  year,  might  we  not  confidently 
look  for  revolutionary  improvements  in  the  following  directions? 

1.  The  intrinsically  ridiculous  factor  of  safety  of  six  to  one,  half 
of  which,  at  least,  might  be  called  the  factor  of  ignorance — this  enor- 
mous excess  of  material  which  loads  down  bridges  with  their  own 
weight,  and  often  exceeds  the  elastic  limit  of  corporation  finances — 
this  dreadful  incubus  could  be  so  largely  removed  that  the  same 
money  Avould  span  twice  the  space. 

2.  Despite  the  so-called  factor  of  safety,  bridges  tumble  down 
every  year,  slaughtering  hundreds  of  people,  and  involving  enormous 
expenses.  The  damages  alone  for  the  Ashtabula  bridge  disaster  have 
already  reached  three-quarters  of  a  million  dollars,  and  the  ease  is  not 
settled  yet.  Boilers  also  continue  to  explode,  and  ships  to  spring 
aleak  at  mal-constructed  seams.  Machinery  in  vessels,  on  railways,  in 
works  of  all  kinds,  breaks  in  pieces,  killing,  delaying,  bankrupting; 
the  floors  of  great  factories  and  theatres  plunge  down  among  broken 
columns,  torturing  and  killing  men  and  women  in  their  debris.  Is 
it  not  probable  that  the  tenth  part  of  the  money  damages  paid  for 
these  disasters,  if  expended  in  the  means  of  prevention  indicated — 
in  the  thousands  of  experiments  which  would  establish  a  law  of 
fabrication  and  construction — is  it  not  certain  that  it  would  very 
largely  reduce  this  record  of  bankruptcy  and  death  ? 

3.  What  an  enormous  impetus  a  positive  knowledge  of  the 
strength  of  metals  and  structures  under  working  conditions  would 
give  to  construction  in  old,  and  especially  in  new,  directions ;  to 
manufactures  and  to  general  business!     Engineers  and  mechanics 
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naturally  and  properly  employ  the  new  steels  and  bronzes  very 
sparingly  and  cautiously,  until  they  know  just  what  their  physical 
properties  are,  and  whether  or  not  they  can  be  uniformly  produced. 
To  supply  this  information,  both  to  the  makers  and  users  of  metals, 
by  means  of  a  comparison  of  chemical  analyses  with  large-sized  me- 
chanical tests,  is  just  what  the  present  Board  had  organized  and  suc- 
cessfully begun.  But  the  Congress  of  the  United  States,  the  only 
body  which  can  practically  sustain  such  a  system  of  experiments, 
does  not  feel  authorized  to  spend  money  in  this  most  helpful  direc- 
tion to  the  people  of  the  United  States.  It  can  spend  millions  on 
stone  forts  and  cast-iron  guns,  which  are  likely  to  afford  the  country 
a  very  limited  defence,  but  it  cannot  prove  the  new  metals,  which, 
in  the  shape  of  armor,  guns,  and  shot,  would  be  a  defence  indeed. 
It  can  lavish  untold  sums  in  digging  channels  for  vessels  up  the 
creeks  of  the  coast,  but  it  virtuously  refrains  from  squandering  the 
public  treasure  to  make  a  safe  pathway  for  the  locomotive.  It  can 
erect  monuments  and  museums;  it  can  dot  the  land  over  with  public 
buildings,  which,  if  they  are  not  beautiful,  are  at  least  magnificently 
costly;  but  it  recoils  from  violating  the  genius  of  republican  institu- 
tions by  ascertaining  how  to  make  even  its  own  buildings  safe  and 
strong.  It  cannot  divert  the  funds  of  the  people  from  legitimate 
channels,  such  as  private  claims,  in  order  to  promote  class-interests, 
such  as  metallurgy  and  engineering,  although  above  250,000  tons 
of  iron  are  put  every  year  into  the  bridges  on  which  the  people 
travel — although  a  million  dollars  a  day  were  spent  during  two  pros- 
perous years  on  the  iron  work  of  American  railways — although  the 
government  itself  ordered  8000  tons  of  iron  and  steel  supplies  in 
fifteen  months  in  the  one  department  of  public  buildings,  not  to 
speak  of  public  defences. 

At  the  risk  of  wearying  you  with  this  subject,  I  feel  it  but  just  to 
the  United  States  Test  Board  to  give  in  this  connection  some  account 
of  its  labors.  The  testing  machine  set  up  cost  the  government  $35,000, 
but  it  cost  the  contractor  over  .^100,000.  The  Board  M^as  authorized 
to  spend  $15,000  for  its  own  expenses ;  it  did  spend  $2248!79.  All 
the  rest  of  the  appropriation  it  devoted  to  a  series  of  experiments 
which  will  be  referred  to.  In  addition  to  this,  one  committee  of  the 
Board  has  collected  and  expended  in  experiments  SJ475,  from  iron 
and  steel  makers  by  passing  round  the  hat.  The  three  civilian  mem- 
bers of  the  Board,  excepting  the  secretary,  have  never  received  any 
pay  for  their  services,  and  I  know  that  they  are  together  out  of 
pocket  in  this  business  more  than  $5000.     The  Board  has  been 
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warmly  aided  by  many  engineers  and  others  interested  in  its  work, 
but,  in  the  strussle  witli  the  Congress  of  the  United  States,  the 
professional  societies  and  the  metal  makers  and  users  of  the  country 
have  not  given  that  united  personal  aid  upon  which  success  can 
alone  depend.  The  Board  has  been  embarrassed,  and,  finally,  killed, 
bv  the  misrepresentations  of  certain  writers  and  Congressmen,  and 
by  the  unfriendly  action  of  other  members  of  the  government,  not 
to  speak  of  a  general  want  of  faith  and  interest  in  its  labors.  The 
very  delay  that  corrected  errors,  developed  improvements,  and  made 
the  testing  machine  as  perfect  as  it  is,  has  been  used  as  a  powerful 
argument  against  the  existence  of  the  Board  ;  and  this,  despite  the 
foltowino;  well-known  and  significant  fact:  The  United  States  Board 
appointed  to  learn  the  causes  of  the  bursting  of  steam-boilers,  had  an 
appropriation  of  $100,000.  After  spending  S60,000  of  it,  the  Board 
reported  that  its  results  were  entirely  unreliable,  because  it  could  get  no 
gauges  on  which  it  could  depend.  As  an  example,  at  Pittsburgh,  the 
gauges  varied  1 50  pounds  on  a  ])ressure  of  300  pounds  per  square  inch. 

Meanwhile  the  Test  Board  has  already  made  a  large  range  of  in- 
vestigations, and  worked  out  and  tabulated  the  results.  A  part  of 
these  are  already  in  print  and  will  soon  be  distributed.  A  complete 
chemical  laboratory  has  been  set  up  at  the  AVatertown  Arsenal,  and 
Mr.  Andrew  A.  Blair,  late  chemist  to  the  board,  has  made  213  com- 
plete analyses  of  irons  and  steels,  and  249  of  alloys.  His  report  on 
his  methods,  already  published,  is  a  valuable  contribution  to  science. 

Commander  L.  A.  Beardslee,  U.  S.  N.,  has,  with  some  aid  from 
other  members,  completed  and  got  into  print  the  most  exhaustive 
and  important  series  of  experiments  ever  made  on  chain  cable,  and 
on  wrought  iron  generally.  I  had  the  honor,  at  the  meeting  a  year 
ago,  of  presenting  an  abstract  of  these  results  to  the  Institute.  The 
testing  machine  of  the  Navy  Department  was  approximately  ade- 
quate for  these  purposes.  Over  2000  tests  were  made  in  this  ma- 
chine, besides  a  great  number  on  piling,  rolling,  and  reheating  in 
various  iron  works.  It  was  proved  for  the  first  time  that  the 
strength  of  wrought  iron,  and  its  welding  power  by  ordinary 
methods,  are  varied  more  by  the  amount  of  its  reduction  in  rolling 
than  by  ordinary  differences  in  chemical  composition.  The  unsafety 
of  the  admiralty  proof  tables  for  chain  cable  was  demonstrated,  and 
new  tables  were  prepared  which  will  be  of  the  highest  value  to  the 
navy  and  to  the  merchant  marine. 

Prof.  Thurston  has  made  and  worked  up  the  most  complete  series 
of  experiments  on  record  concerning  bronzes;  they  are  accompanied 
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by  full  analyses,  and  by  an  abstract  of  the  preceding  experiments  at 
home  and  abroad  on  this  subject.  They  are  about  to  be  issued  with 
the  above-mentioned  reports.  The  equally  complete  series  on  other 
alloys  is  nearly  finished. 

Chief  Engineer  David  Smith,  U.  S.  X.,  has  made  an  elaborate 
series  of  experiments  on  tool  steels.  They  are  not  yet  fully  worked 
up,  because  the  Navy  Department  refused  the  request  of  the  Board 
to  give  him  the  necessary  time.  Actual  tests  by  turning,  boring, 
planing,  slotting,  and  chipping,  were  made  on  70  bars  from  11 
American  and  3  English  steels  of  the  best  brands.  These  are  accom- 
panied by  108  tests  of  the  steels  in  tension,  torsion,  and  compres- 
sion, and  by  full  analyses. 

General  William  Sooy  Smith  has  made,  but  not  yet  fully  worked 
up,  some  important  tests  of  beams. 

Another  committee  of  the  Board  has  nearly  completed  a  prelimi- 
nary series  of  experiments  on  structural  steels ;  they  are  not  expected 
to  be  exhaustive,  but  they  will  be  of  much  value  in  practice,  and  of 
perhaps  more  value  in  pointing  out  the  direction  of  further  and  large- 
scale  experiments,  to  determine  the  effects  of  chemical  ingredients 
upon  physical  properties.  One  hundred  and  twenty-three  specimens 
have  been  tested  in  tension,  190  in  torsion,  and  148  more  are  in 
hand.  There  are  complete  analyses  of  all  the  steels.  These  reports 
on  alloys,  tool  steels,  beams,  and  structural  steels  will  be  presented 
to  the  next  Congress,  and  will  probably  be  published. 

The  other  members  of  the  Board  have  rendered  such  services  as 
they  could,  but  the  work  of  the  committees  which  they  have  specially 
in  charge  could  not  be  forwarded  without  money  and  apparatus. 

One  word  for  Mr.  Albert  H.  Emery :  To  his  engineering  talent, 
mechanical  culture  and  painstaking  fidelity  ;  to  the  patient  devotion 
of  all  his  energy,  and  more  than  all,  his  money,  we  are  indebted  for 
a  marvel  of  invention,  of  development,  of  workmanship,  of  efficiency. 

If  the  members  of  this  Institute  believe  that  the  United  States 
Government  ought  to  provide  money  to  realize  the  great  possibilities 
of  this  machine,  and  to  revolutionize  the  constructive  arts,  they  should 
vigorously,  and  above  all  things,  unitedly,  appeal  to  the  next  Con- 
gress to  appropriate  enough  for  thorough  work,  and  to  appoint  a 
suitable  mixed  commission  to  superintend  its  systematic  expendi- 
ture. 
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DISCUSSION. 


Dr.  R.  ^y.  Raymond,  of  New  York  :  Every  member  of  the 
Institute  will  share  the  interest  with  which  we  have  listened  to 
Mr.  Holley's  admirable  paper ;  and  although  the  nature  and  rules 
of  our  society  do  not  permit  it  to  take  action  as  a  body  on  such 
questions,  I  think  all  the  members  would  be  glad,  as  individuals,  to 
sign  a  memorial  to  Congress,  asking  that  this  important  work  may 
be  continued,  in  the  hands  that  have  so  well  begun  it.  At  the  same 
time,  I  may  be  pardoned  if  I  venture  a  word  in  behalf  of  those 
gentlemen  who  have  been  made,  no  doubt,  with  some  justification, 
yet  not,  I  think,  with  entire  and  impartial  justice,  the  objects  of 
Mr.  Holley's  eloquent  and  witty  sarcasm — I  mean  the  members 
and  committees  of  Congress.  In  an  experience  of  many  years,  dur- 
ing which  it  was  my  duty  to  present  annually  the  claims  of  a  semi- 
scientific  public  work,  I  found  these  gentlemen  to  be  courteous  and 
candid  listeners,  anxious  to  understand  the  merits  of  the  questions 
they  had  to  decide,  but  above  all,  universally  and  invariably  tired — 
besieged  from  morning  to  night  by  the  advocates  of  schemes  for 
various  enterprises,  each  one  of  which  was  pressed  upon  them  as 
the  immediate  necessity  of  an  imperilled  country.  Inevitably,  for 
sheer  lack  of  time  to  study  and  choose  among  these  propositions, 
they  are  thrown  into  the  habitual  attitude  of  hostility  to  anything 
that  calls  for  money.  This  is  particularly  the  case  with  regard  to 
appropriations  for  work  outside  of  the  regular  executive  depart- 
ments. Every  such  plan  is  required,  I  think,  very  properly,  to  be 
demonstrated  to  be  properly  within  the  sphere  of  governmental 
action,  and  at  the  same  time  beyond  the  duty  and  the  capacity  of 
existing  governmental  agencies.  And  this  demonstration  must  be 
made,  as  I  have  said,  to  men  who  do  not  thoroughly  understand  the 
subject  beforehand,  and  who  are  plausibly  assailed  with  similar 
arguments  all  the  time.  If  there  is  (as  just  now  there  certainly  is), 
special  pressure  for  economy  in  expenditures,  the  question  at  once 
arises,  with  regard  to  a  number  of  schemes,  all  })roved  to  be  useful 
and  necessary,  which  of  them  can  wait.  And  finally,  when  any 
special  work,  statistical  or  scientific,  depends  largely  for  its  value 
upon  its  continuity,  the  difficulty  arises  that  the  men  whose  influ- 
ence and  votes  inaugurated  the  work,  pass  out  of  office,  and  their 
successors  need  fresh  instruction  as  to  its  importance. 

We  cannot  help  these  things,  they  are  necessary  incidents  of  our 
form  of  government.     Moreover,  it  might  be  shown  that  they  have 
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their  compensations.  But,  not  to  enter  upon  that  view,  we  may 
easily  see,  that  on  the  one  hand,  the  difficulty  of  getting  systematic 
and  continuous  work  by  special  commissions  adequately  supported 
by  our  government,  should  lead  us  to  rely  as  little  as  possible  upon 
legislation  for  such  purposes;  and,  on  the  other  hand,  when,  as  Mr. 
IloUey  has  shown  in  the  present  case,  the  work  is  legitimate  and 
necessary,  we  should  be  both  patient  and  frank  in  urging  its  claims. 
There  has  been  a»great  deal  of  disingenuous  argument  both  in  the 
States  and  at  Washington,  to  influence  legislatures  in  behalf  of 
public  and  scientific  enterprises.  Appropriations  have  been  ob- 
tained as  "entering  wedges,"  on  the  idea  that  if  the  legislature  were 
told  how  much  time  and  money  would  really  be  required  in  the 
end,  it  would  refuse  to  begin  at  all.  Surveys,  public  buildings, 
and  investigations  of  far-reaching  importance  have  been  inaugurated 
in  a  small  way,  so  that  the  legislature  did  not  know  to  what  it  was 
committing  itself.  In  the  present  instance,  this  error  was  not  com- 
mitted ;  but  the  United  States  Test  Board  now  suffers  as  the  result 
of  nuaierous  instances  all  over  the  country ;  and  we  must  simply 
continue  patiently  and  frankly  to  remove  misconceptions  concern- 
in  2'  it. 


THE  GREAT  BLAST  AT  GLENDON. 

BY  ELLIS  CLARK,   JR.,   GLENDON  IRON  WORKS,    EASTON,   PA. 

During  the  M-inter  of  1877-78  the  Glendon  Iron  Company,  by  the 
advice  of  the  superintendent,  Mr.  Frank  Firmstone,  decided  to  make 
the  experiment  of  exploding  a  heavy  blast  of  gunpowder  in  their 
limestone  quarry  at  Cedar  Hill,  Palmer  Township,  Northampton 
County,  Pennsylvania.  The  amount  of  limestone  used  in  the  five 
furnaces  of  the  company  is  about  60,000  tons  per  annum,  and  it  was 
thought  that  with  successful  results,  this  entire  amount  or  more  would 
be  thrown  down  at  a  single  operation,  disintegrating  the  mass  to  a 
greater  or  less  extent,  and  obviating  the  necessity  of  blasting  and 
boring  the  rock  from  the  face  of  the  cliff,  both  of  which  operations 
are  slow,  and  therefore,  costly. 

The  rock  at  the  quarry  is  Auroral  limestone,  or  No.  2  of  the  old 
Survey.  No  fossils  have  ever  been  found  in  the  quarry,  nor  in  the 
immediate  vicinity.     The  nature  of  the  rock  varies  considerably  in 
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the  different  parts  of  the  quarry,  ami  changes  to  some  extent  as  each 
atUlitional  stratum  is  opened.  In  the  northeast  face  it  is  of  a  good 
quality,  blue  in  color,  and  of  a  moderate  hardness.  In  tlie  face  of 
the  new  quarry  (the  eastern  ])ortion  of  the  quarry  was  begun  several 
years  later  than  the  western,  and  is  the  portion  which  was  operated 
on  in  tlie  great  blast),  some  of  the  strata  are  of  a  poorer  quality, 
being  slaty  with  dirt  seams,  but  not  so  much  so  as  in  some  portions 
of  the  old  quarry,  where,  though  the  rock  itself  is  very  good,  there  is 
so  much  dirt  in  the  seams  and  fissures  as  to  make  the  removal  of  it 
quite  an  item  in  the  quarry  account. 

On  the  southwest  face  of  the  old  quarry  the  rock  is  hard,  blue, 
and  a  little  flinty.  Some  of  the  more  slaty  rock  contains  so  little 
lime  that  it  is  useless  for  fluxing  purposes  in  the  furnace.  The 
amount  of  dirt,  waste,  spalls,  etc.,  is  quite  small,  being  probably  less 
than  5  per  cent,  of  the  amount  of  stone  obtained. 

In  the  research  for  precedents  it  was  found  tliat  the  principal 
olasts,  resembling  the  one  at  Glendon,  were  made  at  Dover  and 
Holyhead,  and  at  other  points  on  the  English  coast.  A  few  in 
other  parts  of  the  world  were  also  noted.  In  the  case  under  consid- 
eration, methods  of  mining  were  of  more  importance  than  the  quantity 
of  powder  used,  which  was  finally  determined  without  reference  to 
any  of  the  recorded  cases. 

In  the  examination,  however,  all  facts  bearing  on  the  subject  were 
recorded,  and  it  was  found  that  the  amount  of  powder  used  varied 
with  the  cube  of  the  line  of  least  resistance  in  almost  every  mine 
exploded. 

That  the  force  of  exploded  gunpow^der  bears  some  definite  relation 
to  the  line  of  least  resistance,  has  been  known  for  over  a  cen- 
tury, it  being  the  law  which  both  Vauban  and  Belidor  were  led  to 
assume  as  the  result  of  their  investigations.  The  most  definite  in- 
formation on  the  subject  was  found  in  the  writings  of  Captain  Hutch- 
inson of  the  English  Royal  Engineers,  who  was  engaged  in  a  num- 
ber of  extensive  operations  of  a  similar  character  to  the  one  pro- 
posed at  Glendon.  One  of  the  most  complete  descriptions  from  his 
pen  was  the  "  Account  of  the  Demolition  and  Removal  by  Blasting 
of  a  portion  of  the  Round  Down  Cliff,  near  Dover,  in  January,1843," 
in  the  Professional  Papers  of  the  English  Royal  Engineers,  vol.  vi. 
Space  forbids  the  quoting  of  the  various  authorities  consulted  on  the 
subject,  and  as  the  objects  of  the  research  were  to  find  the  nature 
and  cost  of  the  preliminary  mining  work  done,  the  quality,  hardness, 
and  tenacity  of  the  rock  operated  on,  and  the  coefficient  by  w'hich 
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the  cube  of  the  line  of  least  resistance  was  divided,  a  few  of  these 
items  will  be  cited. 

At  one  of  the  operations  at  Holyhead,  an  entrance  gallery  5  feet  6 
inches  by  3  feet  6  inches  was  first  driven  into  the  face  of  the  rock,  a 
hard  quartzite  schist,  to  a  distance  of  34  feet,  when  a  shaft  3  feet  6 
inches  by  3  feet  6  inches  was  sunk  to  a  depth  of  14  feet ;  from  this 
level  galleries  were  driven  some  distance  right  and  left,  with  four 
short  headings  at  intervals  returning  towards  the  face  of  the  rock, 
and  terminating  in  chambers  for  the  charges,  which  were  3  feet  below 
the  level  of  the  quarry.  The  four  charges,  amounting  in  all  to  1 2,000 
pounds  of  powder,  were  inclosed  in  cauv^as  bags  coated  with  tar. 
They  were  calculated  at  the  rate  of  1  pound  of  powder  to  3  tons  of 
rock.  For  tamping  a  red  clay  was  used,  it  was  well  rammed  up  close 
to  the  bags  of  powder,  leaving  a  small  space  around  these  and  con- 
tinued to  the  mouth  of  the  gallery.  The  charges  were  fired  simul- 
taneously by  a  Grove's  battery.  The  total  quantity  of  rock  removed 
was  about  40,000  tons ;  it  was  separated  into  various-sized  blocks. 

In  another  blast  at  the  same  quarry,  in  January,  1867,  the  method 
of  calculating  the  amount  of  powder  was  as  follows :  The  cubical 
content  of  the  mass  to  be  dislodged  was  divided  by  12,  the  maxi- 
mum number  of  cubic  feet  per  ton,  and  the  quotient  by  5,  it  being 
estimated  in  this  case,  that  1  pound  of  powder  was  required  to  dis- 
lodge 5  tons  of  rock.  The  length  of  the  face  of  the  rock  being  210 
feet,  its  height  115  feet,  and  the  horizontal  depth  to  be  removed  40 
feet,  the  proper  quantity  of  powder  was,  therefore,  in  round  num- 
bers, 16,000  pounds.  The  quantities  applicable  to  charges  Xos.  1, 
2,  3,  and  4,  the  lines  of  least  resistance,  being  respectively  26,  25,  20, 
and  27  feet,  were  4200,  4500,  2300,  and  5000  pounds.  That  these 
estimates  were  very  nearly  correct  appears  from  the  fact  that  the 
force  of  the  powder  was  mainly  expended  in  displacing  and  break- 
ing up  the  rock,  but  little  concussion  of  the  air  being  produced. 
The  report  of  Col.  Servante  of  the  Royal  Engineers,  who  was  sent 
to  witness  the  explosion,  sa}'S,  the  mass  was  quietly  overthrown  down 
to  the  level  of  the  quarry  ground  line  with  very  little  noise,  and 
scarcely  a  stone  was  thrown  into  the  air.  The  quantity  of  roclv 
detached  was  found  to  be  120,000  tons  in  blocks  of  from  3  to  40 
tons,  averaging  7|  tons  of  stone  to  1  pound  of  powder. 

The  operations  were  conducted  by  Mr.  C.  G.  Reitheimer,  the  en- 
gineer employed  by  the  Messrs.  Rigby,  the  proprietors  of  the  quarry. 
The  galleries  and  shaft  were  tamped  with  clay,  and  the  tamping  was 
extended  through  the  entrance  gallery  to  the  surface  of  the  rock. 

In  the  lar2:e  blast  of  sandstone  at  Lime  Point  entrance  to  San 
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Francisco  Bav,  the  lines  of  least  resistance  being  between  45  and  50 
feet,  tiie  charges  were  4000  pounds  and  3500  pounds,  or  ^'g  LLRl 

In  the  three  large  charges  used  to  blast  Round  Down  Cliff,  near 
Dover,  in  which  the  material  was  chalk,  the  amount  of  powder  was 
calculated  at  ^'^  LLR^ 

In  India  the  proportion  of  powder  was  much  increased  in  heavy 
blasts,  as  appears  from  the  article  *' On  the  Tracing  and  Construc- 
tion of  Roads  in  Mountainous  Countries  "  (Hindostan  and  Thibet 
Road),  by  Major  James  Browne,  R.  E.,  where  the  proportions  suc- 
cessfully used  were 

For  granite  and  gneiss,  ^  LLR.^ 

For  limestone  or  hard  sandstone,  j'^-  LLR^ 

For  conglomerate  or  slate  shale,  y'j  LLR^ 

The  result  of  these  charges  was,  that  each  pound  of  powder  could 
be  expected  to  blow  out  about  115  cubic  feet  in  limestone,  but  not 
more  than  75  to  85  cubic  feet  in  granite. 

JNIr.  George  Robertson,  in  the  Civil  Engineer  and  Arcldtects^ 
Journal,  vol.  xxiv,  Feb.  1861,  gives  a  number  of  instances  of 
heavy  blasting  at  Holyhead  and  other  places.  To  avoid  blowing 
the  tamping  the  rule  was  that  the  shaft  should  have  J  less  grip  (or 
resistance  from  face)  than  depth,  as  a  maximum,  and  the  depth  was 
often  twice  the  line  of  least  resistance  (LLR)  or  more.  In  a  mine  fired 
November  I3th,  1850,  the  LLR  was  21  feet ;  600  pounds  of  powder 
were  used,  and  3000  tons  of  stone  were  obtained,  or  5  tons  of  stone  to 
the  pound  of  powder ;  this  gives  a  charge  of  y'g  LLR^.  From  experi- 
ence it  was  found  that  30  feet  was  about  the  economical  length  for 
the  line  of  least  resistance.  The  rule  at  Holyhead  for  ordinary 
gangways  was  y'^  to  2V  I^I^I^^  ^"d  for  ordinary  shafts  j'o  LLR^ 
In  re-entrant  angles  or  corners  the  charge  wa^  increased  to  y^  LLR^. 

Blast  at  Turner's  Granite  Quarry,  from  Civil  Engineer  and  Archi- 
tects' Journal,  vol.  xv,  page  400.  Charge,  3  tons  of  gunpowder, 
deposited  in  2  charges  or  chamVjers,  H  tons  in  each.  Shaft  60  feet 
deep,  chambers  17  feet  long,  7000  to  8000  tons  of  rock  blown  down. 

A  blast  was  fired  in  hard  Basaltic  rock  at  Down  Hill,  in  1846. 
The  charge  was  2500  ])ounds,  and  the  line  of  least  resistance  50  feet, 
which  gives  -'^  LLR'^  for  the  chary;e.  It  is  not  stated  whether  it 
was  a  success.  The  charge  was  extremely  small  for  so  great  a  line 
of  least  resistance. 

A  study  of  the  charges  and  their  results  at  Holyhead,  shows  a 
gradual  increase  of  the  relation  of  the  charge  to  the  cube  of  the  line 
of  least  resistance.  The  first  was  ^V  LLR-^,  or  nearly  the  same  for 
the  hard  quartzite  rock  of  Holyhead,  as  had  been  used  for  the  soft 
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clialk  of  Dover  a  few  years  previously,  where  o'g  LLR^  was  tlie  pro- 
portion; tliis  charge  was  gradually  increased  to  y'^,  y'^,  y'^,  I,  aud  |, 
and  in  exceptional  cases  as  high  as  |^  or  f . 

In  the  later  blasts  at  Holyhead,  a  high  proportion,  ^  LLR,^  was 
used,  and  in  India  y'^j  LLE,^  was  recommended  for  limestone,  and  ^ 
LLR^  for  granite.  In  view  of  all  these  precedents  for  high  charges, 
and  as  the  operations  in  India  on  the  Ilindostan  and  Thibet  Road  were 
considered  as  approaching  more  closely  the  work  to  be  performed 
at  Glendon  than  any  of  the  others,  the  relation  to  j\  LLR^  was 
adopted,  which,  with  the  various  lines  of  least  resistance,  would  give 
the  amount  of  powder  to  be  used  in  round  numbers,  16,000  pounds. 

Captain  Raymond,  Engineer  Corps,  U.  S.  A.,  an  expert  in  the  matter 
of  large  blasts,  gave  as  his  opinion,  that  the  charge  of  16,000  pounds 
was  entirely  too  high,  and  recommended  8000  pounds,  this  being 
somewhat  more  than  that  given  by  the  Lime  foint  blast  rule  gV 
LRR^,  which  explosion  Captain  Raymond  had  witnessed.  But  since 
an  excess  of  powder  could  do  no  harm,  while  a  deficiency  might 
cause  a  total  failure,  the  quantity  was  finally  fixed  at  12,000  pounds, 
being  a  mean  between  that  given  by  Browne's  rule,  and  that  re- 
commended by  Captain  Raymond. 

The  work  of  the  blast  will  be  described  under  the  following  heads  : 
Survey  and  map;  mining  work,  comprising  driving  the  gangways, 
sinking  the  shafts,  and  opening  the  chambers ;  electrical  experi- 
ments and  tests ;  placing  the  powder ;  tamping ;  firing ;  statement 
of  cost  of  blast  and  percentages ;  results. 

SURVEY    AND    MAP. 

By  the  survey  the  ciuarry  was  ascertained  to  be  200  feet  wide, 
from  130  to  140  feet  in  perpendicular  height,  -and  550  feet  in 
length,  this  being  the  result  of  about  20  years'  working.  The  line 
of  the  new  quarry,  as  is  seen  by  the  accompanying  map,  projected 
about  100  feet  beyond  that  of  the  old,  and  it  was  this  point  of  rock 
upon  which  the  blast  was  to  be  made. 

The  results  of  the  research  had  shown  the  method  pursued  at 
Holyhead  to  be  preferable  to  any  other  in  the  mode  of  excavation, 
and  dimensions  of  drifts  and  shafts;  it  was  therefore  adopted  in  gen- 
eral, but  modified  by  the  peculiar  circumstances  of  the  projected  work. 

A  careful  examination  was  made  of  the  south  side  of  the  new 
quarry,  in  order  to  find  the  most  favorable  place  for  the  opening  of 
the  main  drift;  its  various  positions  were  studied,  and  it  was  finally 
located  in  the  corner  where  the  face  of  the  old  c|uarry  touches  the 
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side  of  the  new,  in  a  seam  of  broken  rock  and  dirt,  which  had  ap- 
})arently  been  caused  by  two  beds  of  solid  and  massive  limestone 
meeting  in  an  inverted  V  along  a  perpendicular  plane,  and  making 
a  nearly  horizontal  junction.  In  the  south  side  of  the  old  quarry 
is  a  cave  formed  by  two  beds  meeting  in  a  similar  way.  This  cave, 
though  not  in  range  with  the  position  selected  for^the  mouth  of  the 
gangway,  according  to  the  strike  of  the  rock,  which  as  nearly  as  can 
be  ascertained  is  N.  40°.  15'  E.,  was  supposed  to  be  a  continuation 
of  the  same  fissure  or  fault,  its  precise  nature  being  difficult  to  ascer- 
tain, but  being  probably  the  residt  of  a  violent  flexure  in  connection 
with  a  sliding  fault. 

The  main  gangway  being  the  longest,  the  reduction  of  its  cost  to 
the  minimum  was  necessary  to  the  pecuniary  success  of  the  blast, 
and  this,  it  was  affirmed,  could  be  accomplished  if  the  seam  when 
followed  was  continuous.  As  none  of  the  stratification  planes  coin- 
cided with  the  fissure,  the  chances  were  that  the  seam,  if  selected, 
would  not  be  found  continuous,  although  there  was  a  possibility  of 
its  being  so.  The  advantages  adduced  by  those  in  favor  of  follow- 
ing the  fissure,  were  the  great  difference  in  cost,  which  would  prob- 
ably have  amounted  to  as  much  as  S4  per  foot,  or  nearly  81000  in 
the  whole  length  of  the  gangway.  It  was  asserted  at  the  time,  and 
subsequently  found  to  be  the  case,  that  the  cave  at  the  south  side  of 
the  old  quarry  was  actually  a  portion  of  the  fissure  under  discussion, 
and  that  the  fault  had  extended  entirely  across  the  face  of  the  old 
quarry,  but  had  been  blasted  away.  It  was  finally  decided  to  adopt 
the  fissure  as  the  line  of  the  main  gangway,  and  follow  it  to  the  end. 

MINING   WORK. 

Work  was  begun  on  the  main  tunnel  by  two  drillers  taken  from 
the  quarry,  and  an  open  cut  was  made  by  them  about  seven  feet  in 
length  along  the  face  of  the  old  quarry,  the  loose  rocks  before  the 
proposed  mouth  being  thrown  down  the  bank.  The  main  difference 
between  the  plan  of  mining  adopted  and  that  used  at  Holyhead  and 
elsewhere  was  that  the  shafts,  instead  of  being  sunk  directly  from  the 
main  gangway  and  the  cross-cut  gangways  driven  from  the  bottom, 
were  sunk  from  the  ends  of  these  cross-cuts,  thus  obviating  the  neces- 
sity of  handling  the  rock  twice,  and  of  hoisting  all  the  material 
mined  in  the  cross-cuts  up  the  shaft.  By  this  economy  at  least  50 
per  cent,  was  gained  in  the  driving  of  the  cross-gangways. 

The  main  gangway  was  begun  at  a  height  of  about  fifteen  feet 
above  the  general  surface  of  the  quarry,  so  as  to  give  some  grip  to 
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the  tamping  in  tlie  sluifts.  After  this  gangway  had  been  driven  its 
entire  extent,  tlie  position  of  the  powder-chambers  was  marked  upon 
the  plan,  and  cross-gangways  were  driven  to  a  point  a  little  to  the 
right,  left,  or  behind  them  ;  this  was  done'so  that  the  powder-cham- 
ber would  be  by  itself  and  not  merely  an  enlargement  of  the  bottom 
of  the  shaft.  The  shafts  were  then  sunk  to  a  depth  of  two  feet  below 
the  level  of  the  floor  of  the  quarry  in  the  direction  of  the  line  of 
least  resistance,  and  the  chambers  were  started  and  excavated  to  the 
required  size.  The  object  of  this  slightly  complicated  system  of 
tunnels,  shafts,  and  chambers  was  to  cause  the  tamping  to  gain  as 
much  resistance  as  possible  to  the  force  of  the  explosion,  by  the  in- 
creased resistance  caused  by  the  friction  of  three  right  angles.  As  the 
expansive  force  of  the  powder  would  bear  upon  the  tamping,  the  first 
resultant  would  act  directly  across  the  shaft  in  a  horizontal  line; 
the  second  would  act  up  the  shaft  in  a  vertical  line,  while  the  third 
would  act  back  along  the  cross-cut  tunnel  to  the  junction  with  the 
main  tunnel,  where  its  almost  expended  force  was  received  against  a 
buttress  of  8-inch  square  timber  which  fitted  into  hitches  cut  in  the 
solid  rock  for  their  reception  on  the  opposite  side  of  the  gangway. 

This  was  the  plan  as  originally  proposed,  and  which  in  a  general 
way  was  carried  out,  the  modifications  being  caused  by  the  change 
in  direction  of  the  main  tunnel,  wdiich  will  subsequently  be  noticed. 
The  driving  of  the  tunnels,  etc.,  was  given  out  by  contract,  as  this 
has  been  found  decidedly  the  most  advantageous  way  of  working ; 
tools,  oil,  explosives,  and  fuse  were  provided  at  the  company's  ex- 
pense, the  labor  alone  being  furnished  by  the  contractors.  No  charge 
w^as  made  for  sharpening  tools,  and  when  the  second  gang  of  men 
was  started,  and  the  systematic  ventilation  of  the  workings  begun, 
the  drills,  picks,  etc.,  were  carried  by  the  blower  boys  to  and  from 
the  blacksmith  shop,  so  that  no  time  was  lost  in  this  way  by  the 
miners. 

From  the  beginning  of  the  work,  a  day  and  night  shift  was  em- 
ployed. Two  miners  took  the  contract,  hiring  two  laborers;  one  of 
the  miners  with  a  laborer  worked  on  the  day  shift,  and  the  other  with 
his  laborer  on  the  night  shift,  alternating  every  week.  It  being 
contract  work,  the  management  did  not  interfere  with  the  number 
of  working  hours,  which  were  from  7  a.m.  to  5  p.m.  with  one  hour 
at  noon,  or  nine  hours  per  day.  On  Saturday  work  was  stopped  at 
3  P.M.,  making  seven  hours'  work,  and  there  was  no  night  shift. 
The  hours  presumably  worked  by  the  night  shift  were  from  5  p.m. 
to  3  A.M.,  with  one  half  hour  for  a  meal,  but  these  working  hours 
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were  by  no  means  strictly  observed,  as  after  the  tunnels  had  reached 
the  solid  rock,  quitting-tinie  was  governed  by  the  holes  tired,  work 
being  stopped  after  the  final  blast  for  the  day  or  night,  to  allow  the 
powder-smoke  to  be  driven  out  before  the  following  gang  came  to 
work.  The  width  and  height  of  the  tunnels  and  dimensions  of  the 
shafts  were  left  to  the  miners,  as  experience  has  shown  that  the  size 
most  convenient  for  working  (3  feet  wide  by  5  feet  6  inches  high), 
is  quite  large  enough  for  all  subsequent  requirements. 

The  stratification  and  cleavage  of  the  rock,  in  tiie  face  of  the  main 
gangway  along  the  line  of  fissure  or  fault,  changed  every  few  feet,  the 
rock  generally  remaining  soft  enough  to  work  with  the  pick,  and  was 
in  some  places  so  loose  as  to  be  handled  with  the  shovel.  The  first 
25  feet  of  the  main  gangway  were  taken  at  the  price  of  $3.00  per  yard, 
and  the  remaining  distance  was  taken  at  $2.75  per  yard. 

At  200  feet  the  ventilation  had  become  very  deficient,  and  to  remedy 
this,  a  winnowing  fan,  driven  by  a  treadle,  was  placed  at  the  mouth 
of  the  gangway,  leaving  sufficient  room  for  the  passage  pf  the  wheel- 
barrows. A  four-inch  galvanized  iron  pipe  led  away  from  the  fan 
along  the  straight  portion  of  the  gangway  for  a  distance  of  80  feet, 
then  4-inch  ordinary  stove-pipe  was  used  for  the  remainder  of  the  dis- 
tance, about  120  feet.  These  pipes  were  supported  from  the  roof  and 
sides  of  the  gangway,  either  by  wires  to  the  timbers  in  the  roof,  or  to 
large  flattened  horseshoe  nails  with  an  eye  through  the  head,  called 
"spuds."  These  were  either  driven  into  cracks  in  the  rock,  or  into 
pieces  of  wood  wedged  into  these  cracks.  A  pressure  of  J  inch  of 
water  was  obtained  at  the  mouth  of  the  machine,  but  much  of  this 
was  lost  in  its  passage  through  the  pipes. 

At  the  distance  of  237  feet  6  inches,  the  long  tunnel  was  finished. 
It  was  begun  on  February  1 9th,  and  finished  on  March  26th,  in  56  ten- 
hour  shifts.  The  average  progress  per  24  hours  was  8  feet  6  inches,  the 
greatest  distance  made  in  one  day  was  19  feet,  and  the  least  3  feet.  The 
main  gangway  was  driven  so  cheaply  that  it  can  by  no  means  be  re- 
garded as  a  criterion  of  the  work.  Under  ordinary  circumstances, 
supposing  the  rock  to  have  the  same  average  character  as  that  in  the 
quarry,  and  the  gangway  to  be  driven  along  its  strike,  which  renders 
the  working  less  expensive  than  if  driven  across  the  strike,  the  tunnel, 
instead  of  costing  §1.13  per  foot,  and  a  total  of  $262.05,  would  have 
probably  cost  at  least  $4.00  per  foot,  and  a  total  of  nearly  $1000. 
After  the  main  gangway  was  finished,  the  position  of  the  powder- 
jchambers  was  laid  out  on  the  map  of  the  quarry  by  Mr.  Firmstone. 
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These  were  laid  clown  at  distances  of  about  45  feet  apart,  and  about 
50  feet  from  the  position  of  the  face  of  the  quarry  at  that  time. 

Xo.  1  cross-cut  tunnel  was  at  right  angles  to  the  position  of  the  main 
gangway,  and  at  a  distance  of  56  feet  from  the  mouth.  After  the  loose 
rock  that  lined  the  side  of  the  main  gangway  had  been  penetrated, 
the  rock  was  moderately  hard  and  became  harder  as  the  gangway  ad- 
vanced towards  the  face,  finally  becoming  so  hard  that  a  price  of  $8 
per  foot,  the  highest  price  on  the  work,  was  given  the  contractors  to 
penetrate  a  stratum  of  very  hard,  compact  blue  liniestone.  At  about 
this  point  the  air,  which  had  been  kept  moderately  good  by  the  wheel- 
ers stopping  and  giving  a  few  turns  to  the  fan  at  each  trip,  became  so 
bad  from  the  continued  blasting  necessitated  by  the  hardness  of  the  rock, 
that  two  boys  were  employed  to  blow  it ;  the  instructions  given  them 
were  to  keep  the  air  good  at  all  times,  and  when  not  needed  at  the 
blower,  to  help  the  contractors  in  various  ways,  such  as  wheeling  out 
the  broken  stone,  and  carrying  drills  to  and  from  the  blacksmith  shop. 

The  progress  of  the  work  was  so  much  retarded  by  the  hard  rock 
in  No.  1  tunnel,  that  an  additional  gang  of  two  contractors  and  their 
laborers  was  set  to  work  sinking  No.  4  shaft,  which  was  situated  at 
the  extreme  end  of  the  \nain  gangway.  At  first  the  work,  being  car- 
ried on  in  the  loose  rock  of  the  floor  of  the  gangway,  progressed  v6ry 
rapidly,  but  at  a  depth  of  4  feet  a  solid  floor  of  rock  was  met,  which 
reached  entirely  across  the  shaft,  cutting  off  the  fault  completely.  This 
floor  was  quite  level  and  smooth,  the  rock  of  which  it  was  composed 
being  of  a  moderately  hard  nature.  A  feature  of  this  shaft  was  the 
recurrence  of  the  floors,  which  were  probably  planes  of  stratification, 
and  a  portion  of  the  bottom  of  the  large  synclinal,  which  distinctly 
shows  itself  in  the  south  side  of  tlie  old  quarry.  These  floors  rather 
expedited  the  work,  as  the  rock  parted  along  them  much  more  easily 
than  where  they  were  absent.  No  water  was  found  till  a  depth  of  12 
feet  was  reached,  when  the  walls  became  damp ;  and  at  a  depth  of  15 
feet  water  was  struck  in  a  drill  hole.  The  water  was  evidently  under 
considerable  pressure,  being  ejected  as  from  a  fountain,  when  the  drill 
was  withdrawn,  covering  the  floor  of  the  shaft  in  a  very  short  time, 
and  flowing  at  the  rate  of  2|  gallons  per  minute.  From  the  character 
of  the  rock,  which  is  noted  for  the  small  amount  of  water  found  in  it, 
and  from  other  circumstances,  it  was  not  supposed  that  the  water 
came  at  this  rate  from  a  regular  spring,  but  that  some  cavity  had  in 
time  become  filled  with  water,  which,  once  withdrawn,  would  not 
immediately  be  refilled.  During  the  sinking  of  the  shaft  water  came 
in  it  from  the  sides  and  the  floor  in  small  quantities,  not  amounting 
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to  much  more  than  four  or  five  gallons  per  hour,  or  barely  enough  to 
inconvenience  the  work.  This  water  was  hoisted  in  buckets,  but  it 
was  not  found  necessary  to  take  it  to  the  mouth  of  the  tunnel  to  empty 
it,  as  the  bottom  of  the  gangway,  a  short  distance  from  the  shaft,  was 
sufficiently  broken  to  absorb  the  water  in  moderate  quantities,  little 
if  any  of  which  found  its  way  back  to  the  shaft. 

The  depth  of  IS«"o.  4  shaft  was  24  feet  and  the  dimensions  of  the 
powder-chamber  5  feet  square  by  6  feet  long.  The  shaft  was  begun 
April  le5th,  and  the  powder-chamber  finished  May  20th,  in  56  shifts. 
The  bottom  of  the  shaft,  and  the  powder-chamber,  which  were  situ- 
ated at  a  depth  of  2  feet  6  inches  below  the  level  of  the  quarry  at  the 
face  opposite,  was  formed  by  one  of  the  floors  previously  mentioned. 
The  depth  required  was  2  feet  below  the  ground  line  of  the  quarry, 
but  the  floor  made  it  easier  to  remove  the  rock  down  to  its  level. 

At  this  depth,  24  feet  belov/  the  level  of  the  gangway,  a  small 
quantity  of  water  still  oozed  up  from  the  bottom,  and  trickled  down 
from  the  sides,  but  even  this  small  amount  would  have  been  sufficient 
to  spoil  the  entire  quantity  of  powder  placed  therein,  if  no  precautions 
were  taken  against  it»  In  the  endeavor  to  rid  the  shaft  of  this  water, 
a  two  and  a  half  inch  drill-hole  was  sunk  in  fhe  bottom  of  the  shaft, 
in  the  hopes  of  meeting  some  crack  or  seam  which  would  carry  off  the 
water.  The  chances  of  finding  an  absorbing  seam  were  perhaps  a 
little  greater  than  of  finding  a  flowing  stream,  although  the  latter 
could  be  managed  by  plugging  up  the  drill-hole,  but  at  a  depth  of 
14  feet  no  crack  was  found,  either  absorbing  or  otherwise,  and  so  it 
was  determined  to  make  one. 

To  this  end,  10  cartridges,  about  6  pounds  of  giant-powder  or  dy- 
namite, were  dropped  into  the  hole  ;  some  of  these  were  left  in  the 
original  cartridge-paper,  tightly  rolled,  while  others  had  their  tops 
opened.  Two  long  waterproof  fuses  w^ere  inserted  into  exploders, 
and  tied  up  tightly  in  two  cartridges,  which  were  made  as  nearly 
waterproof  as  possible  with  grease  and  tallow.  All  the  cartridges 
were  then  covered  Avith  sand,  and  above  this  was  about  two  feet  of 
water.  The  fuses  were  lighted,  and  in  a  few  minutes  a  dull  thud 
was  heard  at  the  mouth  of  the  gangway,  and  a  few  loose  stones  were 
rolled  from  the  face  of  the  quarry  opposite,  thirty-five  feet  distant. 
On  removing  a  little  of  the  sand  with  a  scraper,  the  remainder  sud- 
denly descended  into  the  hole,  being  followed  by  all  the  water  re- 
maining in  the  bottom  of  the  shaft,  proving  that  the  explosion  of 
this  comparatively  heavy  charge  of  giant  powder  had  opened  below 
a  seam  sufficiently  large  to  carry  away  all  the  water,  thus  making 
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of  the  drill-hole  an  absorbing  artesian  well.  To  protect  the  drill- 
hole from  being  choked,  and  also  to  keep  the  bottom  of  the  powder 
from  the  damp  floor  of  the  chamber,  the  shaft  and  powder-cham- 
ber were  paved  with  "  cobble  stones"  set  on  edge,  and  wedged  tightly 
against  each  other.  These  were  then  covered  to  the  depth  of  a  few 
inches  with  smaller  stones,  which  subsequently  supported  the  sand 
used  in  tamping  without  allowing  it  to  choke  up  the  drill-hole. 

is^o.  1  shaft  was  sunk  to  the  depth  of  18  feet  through  moderately 
hard  rock,  and  was  perfectly  dry.  At  this  depth  the  powder-cham- 
ber was  opened,  being  made  5  feet  3  inches  square  and  6  feet  long.  It 
was  parallel  to  the  direction  of  the  gangway. 

Xo.  2  cross-cut  was  started  at  the  turn  in  the  main  gangway,  its 
direction  being  nearly  normal  to  the  curve  ;  it  was  driven  25  feet  6 
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inches  through  rather  hard  rock.  The  shaft  sunk  at  its  end  was 
square,  and  19  feet  6  inches  deep.  It  was  excavated  with  a  twist 
in  it,  so  that  the  jiowder-chamber  which  was  to  start  from  one  of 
the  sides  of  the  shaft  would  have  its  sides  parallel  to  the  face  of 
the  quarry.  The  rock  in  Xo.  2  shaft  and  powder-chamber  was  quite 
soft,  and  in  places  could  be  easily  worked  with  the  pick. 

No.  3  cross-cut  was  10  feet  long,  most  of  this  distance  being 
through  a  soft,  earthy  stratum.  The  shaft  sunk  at  its  end  was  through 
firm  rock,  and  had  an  intentional  twist  given  it  for  the  same  reason 
as  No.  2.  No.  3  powder-chamber  concluded  the  mining  work.  It 
had  been  at  first  expected  that  No.  2  would  be  the  last  completed, 
but  an  extra  shift  of  men  were  put  on  in  the  gangway  and  shaft,  and 
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this,  together  with  the  softer  nature  of  the  rock,  caused  the  work  to 
proceed  more  rapidly  than  in  No.  3.  After  No.  3  chamber  was 
finished,  the  «iiners  were  kept  a  few  days  longer  cleaning  up,  drill- 
ing holes  for  the  pings  to  which  the  copper  conducting  wires  were 
to  be  fastened,  cutting  hitches  in  the  rock  at  the  west  side  of  the 
main  gangway  opposite  Nos.  1  and  2  gangways  for  the  support  of 
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the  buttresses,  and  wheeling  in  loam  to  cover  the  floor  of  the  gang- 
ways for  the  double  purpose  of  burying  the  wire  for  its  protection, 
and  of  lessening  the  probability  of  a  spark  being  made  by  the  hob- 
nails of  boots  striking  against  the  rocky  floor,  when  the  men  were 
engaged  in  passing  the  powder.     For  this  purpose  the  gangways  and 
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rross-eiits  were  all  covered  to  the  depth  of  ahout  4  inches  witli 
loam,  which  served,  moreover,  in  part  for  tamping.  The  accom- 
panying; cuts  are  sectional  views  of  the  shaft,  powder-trough,  powder- 
chamber,  and  boxes. 

EXPLOSIVES. 

At  the  beginning  of  the  work,  ordinary  i^P  blasting  powder  was 
used,  but  when  the  liard  stratum  of  rock  in  No.  1  cross-cut  was 
reached,  and  a  progress  of  but  5  or  6  inches  a  day  made,  it  was  de- 
termined to  try  giant-powder  or  dynamite  for  the  purpose  of  expe- 
diting the  w^ork. 

Its  fumes  had  the  usual  effect  for  the  first  few  days,  seriously 
affecting  every  one  inhaling  them.  One  of  the  working  gangs  used 
giant-powder  exclusively  while  they  remained  on  the  work;  the  other 
not  liking  its  effects  used  the  ordinary  powder  till  towards  the  ex- 
piration of  their  contract. 

The  percentage  table,  following,  makes  a  very  unfavorable  showing 
for  giant-powder  compared  with  blasting  powder,  raising  the  cost  of 
explosive,  from  7  and  8  to  20  and  21  per  cent.  It,  of  course,  di- 
minished the  labor  percentage  in  the  same  proportion,  but  giant- 
powder  at  40  cents  per  pound,  and  caps  at  $1.50  per  box,  are  more 
matters  of  economy  than  labor  at  Si  per  day. 

The  cross-cuts  and  shafts  in  which  giant-powder  Avas  used  made 
a  little  better  headway  than  the  others,  and  the  giant-powder  was 
found  very  efficacious  in  cutting  out  the  corners  in  the  chambers; 
but  taken  as  a  whole  the  experiment  with  giant-powder  was  not  a 
success. 

ELECTRICAL    EXPERIMENTS    AND    TESTS. 

The  mines  were  fired  by  galvano-electricity,  furnished  by  a  30- 
cell  bichromate  of  ])otash  battery.  Laflin  and  Eand  copper  ex- 
ploders were  used.  The  tests  and  experiments  were  carried  on  by 
F.  C.  Blake,  Adjunct  Professor  of  Chemistry  at  Lafayette  College. 
A  differential  galvanometer,  bought  of  L.  G.  Tillotson  &  Co.,  was 
used  in  connection  with  a  rheostat  from  the  same  manufacturer. 

The  battery  used  in  testing  the  exploders  and  connections  while 
the  powder  and  tamping  were  being  placed,  consisted  of  a  single 
Daniell  cell,  7  inches  high  and  3|  inches  in  diameter,  filled  about  one- 
fourth  its  height  with  water.  This  gave  a  feeble  current,  sufficient 
to  show  on  the  galvanometer,  but  by  no  means  strong  enough  to 
heat  the  platinum  wires  in  the  exploders  to  the  firing-point,  as  was 
fouiid  by  actual  trial  before  the  powder  was  placed  in  position. 
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As  each  exploder  in  the  previous  experiments  had  shown  about 
.80  ohm  resistance,  this  gave  6.40  ohms  for  that  of  the  eight  ex- 
ploders, the  heavj  copper  wire,  62  thousandths  of  an  inch  in  diame- 
ter, gave  2  ohms  resistance,  and  about  1  ohm  of  resistance  was  caused 
by  the  imperfection  of  the  connections,  making  8.40  ohms  by  calcu- 
lation. The  galvanometer  and  rheostat  showed  9  ohms,  the  amount 
varying  a  little  with  the  change  of  temperature  caused  by  the  time  of 
day.  Two  exploders  were  used  in  each  powder-box  to  fire  the 
charge  at  two  points,  and  thus  hasten  the  combustion. 

After  the  shafts  and  galleries  had  been  tamped,  and  the  buttresses 
erected,  the  wires  from  the  main  battery  were  let  down  from  the 
crest  of  the  quarry,  and  connected  with  the  wires  leading  into  the 
powder-chamber.  Although  24  cells  of  the  battery  only  were  re- 
quired, material  enough  was  on  hand  to  make  a  30-cell  battery,  and 
so  this  number  of  cells  were  filled  with  the  bichromate  of  potash  solu- 
tion, the  internal  resistance  of  the  battery  tested,  and  eight  exploders 
fired  simultaneously  through  a  heavier  resistance  than  was  required. 

The  calculations  of  the  resistance  of  the  exploders  and  wire  in 
ohms,  the  amount  of  electricity  in  webers  required  to  overcome  this 
resistance,  and  the  internal  resistance  of  the  battery,  were  calculated 
according  to  formuh^  given  in  Mr.  Julius  H.  Striediuger's  paper 
published  in  the  Transactions  of  the  American  Society  of  Civil  En- 
gineers on  "  The  Simultaneous  Explosion  of  Thousands  of  Mines." 

PLACING   THE    POWDER. 

A  few  days  before  the  powder  arrived,  the  boxes  for  its  reception 
were  made  and  placed  in  their  position  in  the  powder-chambers. 
These  boxes  were  calculated  of  a  size  sufficient  to  hold  the  powder 
placed  in  each  chamber,  and  have  a  few  inches  of  space  remaining 
at  the  top.  Holes  were  bored  in  the  sides  of  the  boxes  through 
which  the  copper  wires  leading  from  the  battery  to  the  exploders  were 
inserted,  the  wires  were  then  led  up  each  side  of  the  shaft,  and  fastened 
to  a  wooden  plug  at  the  top,  thence  running  along  the  cross-cut,  where 
they  were  carefully  buried  out  of  the  reach  of  damage  in  the  loam 
that  had  been  placed  on  the  floor.  In  the  portions  of  the  main  gang- 
way which  it  was  not  intended  to  tamp,  the  wire  was  carried  on 
plugs  overhead  or  at  the  side.  The  powder-boxes,  after  being  placed 
in  position,  did  not  touch  the  sides  of  the  chambers  by  several  inches, 
and  for  the  purpose  of  saving  time  in  the  subsequent  tamping  this, 
as  well  as  the  bottom  of  the  shaft  to  nearly  the  level  of  the  top  of 
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the  powder-boxes,  was  filled  in  with  sand.  As  it  had  boon  deter- 
mined after  mature  consideration  to  pass  the  powder  in  from  hand 
to  hand  along  a  line  of  men,  it  was  thought  advisable  to  put  the  men 
in  training  by  passing  the  sand  in  the  same  way.  Kegs  holding  25 
jiounds  of  powder,  with  half-inch  iron  handles,  as  being  most  con- 
venient, were  used.  Two  kinds  of  sand  were  employed,  dry  and 
moist,  the  dry  being  placed  immediately  around  the  powder-boxes, 
between  them  and  the  walls  of  the  chamber.  The  moist  was  used 
for  filling  the  bottom  of  the  shaft,  where  its  dampness  would  not 
aifect  the  powder. 

Some  of  the  sand  used  had  been  in  store  for  several  years,  and 
was  so  dusty  that  in  the  rear  portion  of  the  main  gangway,  where  the 
ventilation  was  bad,  it  became  necessary  to  change  the  men  every 
ten  or  fifteen  minutes.  In  some  places  the  dust  was  so  thick  that 
a  miner's  lamp  was  extinguished,  and  it  was  with  difficulty  that  a 
sulphur  match  could  be  ignited. 

Forty-seven  men  were  employed,  working  under  Mr.  Valentine 
Mutchler,  in  charge  of  the  quarry,  and  Adam  Boonton,  the  head 
blaster.  The  sand  was  first  passed  into  No.  1  chamber,  that  being  the 
nearest,  and  92  feet  from  the  mouth  of  the  main  gangway;  74  kegs  of 
moist  sand,  and  144  kegs  of  dry,  in  all  218  kegs,  were  passed  in  three 
hours.  This  included  the  delay  of  placing  the  men,  and  getting  started. 

In  No.  2  shaft,  a  distance  of  147  feet  from  the  mouth,  84  moist, 
and  167  dry,  in  all  251,  were  passed  in  one  hour. 

In  No.  3  shaft,  a  distance  of  194  feet,  75  moist,  and  178  dry,  in 
all  253,  were  passed  in  in  two  hours. 

In  No.  4,  a  distance  of  233  feet,  99  of  moist,  and  185  dry,  in  all 
284,  were  passed  in  in  two  hours.  It  was  at  this  shaft  that  most  of 
the  delay  occurred  incident  to  the  frequent  changing  of  the  men  on 
account  of  the  dusty  state  of  the  air. 

The  dry  sand  that  was  to  surround  the  boxes  was  poured  down 
the  trough  through  which  the  powder  was  to  run,  while  the  moist 
sand  was  merely  thrown  into  the  shaft. 

Previous  to  putting  in  the  powder,  ladders  were  erected  in  all  the 
shafts,  and  light  round  timbers  placed  across  the  gangways  just  back 
of  the  shafts.  These  latter  were  to  keep  the  men,  who  would  be 
working  entirely  in  the  dark  while  the  powder  was  exposed,  from 
falling  into  the  shafts.  It  first  had  been  the  intention  to  use  lights 
while  the  powder  was  being  placed  in  the  boxes,  but  this  was  given 
up  as  dangei'ous,  and  the  experience  of  patting  the  sand  around  the 
boxes  showed  that  the  men  could  work  almost  as  well  in  the  dark. 
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The  powder  used  was  condemned  Government  mortar  powder,  and 
was  delivered  in  a  car  on  the  Lehigh  and  Susquehanna  Division  of 
the  Central  Railroad  of  New  Jersey  in  front  of  the  quarry. 

This  powder  was  condemned  because  it  had  lost  its  glazing,  and 
this,  while  impairing  slightly,  if  any,  its  explosive  power,  made  it  so 
exceedingly  dusty  that  no  lights  were  used  while  it  was  being  placed 
or  remained  uncovered.  Warned  by  the  experience  of  the  dusty  sand, 
aspirators  were  made  out  of  wet  sponge,  and  given  to  those  men  wdio 
w'ould  be  sufficiently  close  to  the  powder  to  be  inconvenienced  by 
the  dust,  and  experience  subsequently  showed  that  without  them  the 
powder  could  not  have  been  placed  in  double  the  time. 

Every  precaution  was  taken  to  avoid  accident,  the  consequence  of 
which  would  have  been  fatal  to  all  engaged.  Among  other  precau- 
tions, water  was  sprinkled  on  the  grouiifl  after  the  filling  of  each 
chamber  to  prevent  the  formation  of  a  train  of  powder. 

The  powder,  which  arrived  in  100  lb.  kegs,  was  at  first  passed  to 
the  chambers  in  them,  50  lbs.  of  it  being  poured  out  to  make  its  hand- 
ling easier,  but  this  plan  taking  too  long,  the  powder  was  emptied 
into  25  lb.  kegs,  and  passed  in  them  from  hand  to  hand  to  the  shaft, 
where  it  M'as  poured  down  the  trough  into  the  box  below.  A  cloth 
was  spread  over  the  ground  where  the  barrels  were  being  emptied,  to 
prevent  the  powder  from  scattering. 

Forty-four  men  were  employed  in  this  oj^ei'ation,  and  JSTo.  4  cham- 
ber was  first  filled.  Some  trouble  was  experienced  in  this  shaft,  as 
the  powder  at  first  did  not  run  well  down  the  trough,  which  had  be- 
come slightly  damp,  but  this  was  only  temporary,  and  the  box,  hold- 
ing 3500  lbs.  of  powder,  was  filled  in  1  hour  and  50  minutes.  No.  3 
chamber  received  3000  lbs.  of  powder  in  50  minutes.  No.  2  chamber, 
holding  2700  lbs.,  was  filled  in  45  minutes,  and  No.  1,  holding  2800 
lbs.,  in  35  minutes. 

The  placing  of  the  powder  was  finished  at  5  o'clock  Saturday  even- 
ing, and  as  working  on  the  following  day  was  decided  against,  two 
trustworthy  men  were  left  in  charge  of  the  mouth  of  the  tunnel,  with 
two  others  to  relieve  them  in  the  morning. 

The  tamping  of  the  shafts  was  begun  on  August  12th  with  a  force 
of  57  men.  Sand  was  used,  both  moist  and  dry,  the  dry  for  filling 
in  immediately  around  the  powder-boxes,  and  the  moist  for  the  re- 
mainder of  the  shaft. 

No.  1  shaft,  a  distance  of  92  feet  from  the  mouth,  was  first  filled. 
250  kegs  of  dry  sand,  and  1028  of  moist  were  used,  in  all  1278,  it 


THE   GREAT    BLAST    AT   GLENDON.  283 

being  completed  in  3  hours  and    50  miiuites.     This  shaft  was  18  feet 
deep,  and  like  the  others  about  4|  feet  square. 

No.  2  shaft,  a  distance  of  147  feet,  was  filled  with  249  kegs  of  dry 
sand,  and  1070  of  moist,  in  all  1319,  in  6  hours  and  30  minutes.  This 
shaft  was  19  feet  6  inches  deep,  and  owing  to  the  softness  and  frangi- 
bility  of  the  rock,  a  little  larger  in  its  cross  section  than  the  others. 

No.  3  shaft,  a  distance  of  194  feet,  was  filled  with  102  kegs  of  dry, 
and  869  kegs  of  moist  sand,  a  total  of  971,  in  3  hours  and  15  minutes. 
This  shaft  was  21  feet  3  inches  deep. 

No.  4  shaft,  distant  233  feet  from  the  mouth  of  the  gangway, 
and  24  feet  deep,  was  filled  with  165  kegs  of  dry  and  859  of 
moist,  in  all  1024,  in  5  hours  and  10  minutes.  The  tamping 
of  the  shafts  with  sand  had  thus  taken  almost  2  full  days  of  10 
hours  each.  But  one  shift  had  thus  far  been  employed  on  account 
of  an  insufficiency  of  men.  No  lights  Mere  used  until  the  shafts  were 
filled  Avith  sand.  On  Tuesday  afternoon  at  4  o'clock,  the  tamping  of 
the  gangways  with  loam  was  begun.  In  one  hour,  6  lineal  feet  of 
No.  1  gangway,  4  feet  of  No.  2,  and  6  feet  of  the  main  gangway  were 
tamped.  The  force  was  divided  as  follows,  twelve  men  being  required 
for  the  inside  work.  The  loam  was  passed  up  from  the  quarry  level 
to  the  mouth  of  the  main  gangway  (a  perpendicular  distance  of 
about  16  feet),  and  emptied  into  wheelbarrows,  of  which  8  were  in 
use.  Six  men  inside  were  engaged  in  ramming  the  loam  into  a 
coherent  mass,  and  the  other  six  in  wheeling  it  in.  Some  little  study 
and  care  were  required  to  ascertain  the  most  expeditious  method  of 
wheeling,  in  so  constricted  a  place  as  a  gangway,  three  and  one  half 
feet  wide.  But  at  first  three  of  the  wheelers  went  to  No.  4,  two  to 
No.  2,  and  one  to  No.  1,  this  last  making  double  the  number  of  trips, 
on  account  of  the  diminished  distance.  On  Wednesday,  August  14th, 
the  loam  tamping  was  continued,  the  force  being  divided  into  three 
gangs,  working  8  hours  each.  The  first  contained  22  men,  and  worked 
from  6  A.M.  to  2  p.m.  ;  the  second,  consisting  of  19  men,  started  at 
2  P.M.  and  worked  till  10  p.m.  ;  and  the  third,  of  17  men,  began  at 
10  p.m.,  and  worked  till  6  a.m.  The  men  were  disposed  as  already 
stated,  6  wheeling  and  6  shovelling  and  tamping,  while  the  remainder, 
5  to  9,  helped  to  unload  the  cars,  wheeled  limestone  spalls,  and  passed 
the  kegs  up  the  bank.  It  was  soon  observed  that  the  tamping  of  the 
main  tuimel  from  No.  4  shaft,  governed  the  time  of  the  entire  work, 
and  so  matters  were  expedited  in  that  direction  at  the  expense  of  the 
others,  as  much  as  possible.  Nos.  1  and  2  were  finished  to  within 
about  8  feet  of  their  mouth,  leaving  room  sufficient  for  two  barrows, 
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and  the  main  gangway  was  then  pushed  harder  than  ever.  At  2  p.m. 
on  Thursday,  August  1 5th,  the  main  gangway  was  tamped  toadistance 
of  25  feet  back  of  No.  3  cross-cut.  Nos.  1  and  2  had  been  finished 
shortly  before.  Immediately  after  the  tampers  had  withdrawn,  the 
carpenters  fitted  8-inch  timbers  between  planking  laid  on  the  tamping 
and  the  hitches  in  the  solid  rock  that  had  been  cut  previously.  The 
electric  tests  had  been  made  at  intervals  of  10  or  15  minutes  during 
the  entire  time  the  powder  and  tamping  w^ere  being  placed. 

FIRING. 

While  the  buttresses  were  being  erected  the  battery  was  placed  in 
position.  The  battery  house  was  situated  on  Cedar  Hill,  at  a  distance 
of  300  feet  back  from  the  face  of  the  quarry,  and  was  about  400  feet 
in  a  straight  line  from  the  powder-chambers.  The  battery,  consisting 
of  30  bichromate  of  potash  cells,  was  connected  with  the  wires  leading 
down  the  cliff,  through  the  gangways  and  into  the  powder-chambers. 

Outposts  had  been  established  in  order  to  keep  all  persons  out  of 
danger,  as  the  effects  of  the  instantaneous  explosion  of  12,000  lbs.  of 
powder  were  a  source  of  some  anxiety  to  those  concerned,  and  the  con- 
cussion of  the  earth  that  would  be  made,  and  the  distance  to  which 
the  stones  would  be  thrown,  were  both  elements  of  uncertainty  to  those 
in  charge,  and  were  to  those  indirectly  concerned,  matters  of  the  wild- 
est conjecture. 

At  7.49  P.M.,  when  it  was  morally  certain  that  no  person  was  suf- 
ficiently near  to  be  injured,  Mr.  Frank  Firmstone  gave  the  word  of 
command,  and  the  writer  closed  the  circuit  by  pressing  on  a  telegraph 
key.  Mr.  Firmstone  describes  the  effect  as  being  two  slight  but  dis- 
tinct shocks,  and  a  third  indistinct  one,  followed  by  the  dull  crunch- 
ing sound  of  the  falling  rocks. 

Mr.  Blake  felt  two  shocks  only,  followed  by  the  sound  of  the  fall- 
ing rocks,  and  the  writer,  who,  in  firing  the  blast,  stood  on  a  scantling 
which  formed  the  sill  of  the  battery-house,  and  not  on  the  ground,  as 
did  the  others,  felt  neither  shock  nor  jar,  heard  no  sound,  and  was 
conscious  of  no  effect  whatever,  until  the  sound  of  the  falling  rocks 
reached  him. 

The  rocks  fell  for  about  a  minute  continuously,  and  for  the  next 
half  hour  spasmodically.  The  following  morning  showed  a  very 
large  mass  of  stone,  of  all  sizes,  but  fairly  broken  up,  lying  at  the 
foot  of  the  cliff;  some  of  the  separate  stones  contained  as  much  as 
600  tons,  being  18  feet  x  16  feet,  x  28  feet  in  dimensions.  In  the 
old  quarry  a  mass  of  over  a  thousand  tons  was  shaken  down  by  the 
blast. 
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A  calculation  of  the  amount  thrown  down  would  have  been  made, 
but  so  many  elements  of  uncertainty,  such  as  the  distance  back  of 
the  powder-chamber  blown  out,  the  amount  below  shattered,  and 
the  exact  sizes  of  the  craters  would  have  to  have  been  taken  into 
consideration  that  the  results  would  be  exceedingly  inexact. 

From  the  beg-innino;  of  the  work,  a  careful  account  of  the  cost  of 
labor,  material,  and  other  expenses  had  been  kept,  which  with  some 
other  items  of  interest  is  here  y;iven. 


1878. 

Feb.  16, 

11     11 

"  18, 
Mar.  1, 
"  16, 
"  19, 
"    26, 


Mar.  26, 

"    27, 

"     31, 

April  20, 

"     26, 


May    3, 

II     II 

"    10, 


STATEMENT    OF   THE   COST   OF    BLAST. 

MAIX  TUNNEL  ALONG  SEAM  IN  ROCK. 

Drill  Steel, -loi  lbs.  @  15  c., 

Tools,  sledge,  wedges,  powder  can,  lamps,  and  oil  can, 
2  days  @  $L.10  making  open  cut, 
Driving  main  tunnel,  25  ft.  @  $1  OBJ  per  ft.,     . 
'[^  days  @  $1.10,  cutting  timber  for  gangway,  . 
Stove-pipe  for  ventilation,  168  ft.  @  10  c, 
Driving  main  tunnel,  212  ft.  6  in.  @  91f  c  per  ft.. 
Supplies,  1  keg  powder,  $2.90.     100  ft.  fuse,  31  c.     5  balls 
lamp-wick  @  5  c,  25  c.     5  gal.  lard  oil  @  63  c,  $3.1-5, 

Cost  of  main  gangway,  237  ft.  6  in.  long,   .... 
Cost  per  lineal   foot,    $1.13.     Begun   Feb.    19th;  finished 

March  26th,  in  56  shifts. 
Average  progress  per  shift,  4  ft   3  in. 

NO.  1    CROSS-CUT    TUNNEL. 

Drill  steel,  63  lbs.  @  15  c, 
Driving  tunnel,  5  feet  @  $2  per  foot, 
II  <i      25    "     "  $3    "       " 

"  "        5    "     "  $8    "       " 

,      "  "      5^    "     "  $5    "       " 

Supplies,  5  kegs  powder,  $14.50.    800  ft.  fuse,  $2  52.    3  balls 
lamp-wick,  15  c.     8^  gallons  lard  oil,  $5.36. 

Cost  of  No.  1  cross-cut  tunnel,  40  ft.  6  in.  long. 

Cost  per  lineal  foot,  $4.55.    Begun  March  26th  ;  finished 

May  2d,  in  58  shifts. 
Average  progress  per  shift,  8  inches. 

NO.   1  SHAFT. 

Drill  Steel,  15|  lbs.  @  15  c., 
Sinking  shaft,  8  feet  @  $5.50,     . 

"  "     10   "     "  $6.00,     . 

Supplies,  3  Uegs  powder,  $8.70.     700  ft.  fuse,  $2.20.    7  balls 

lamp-wick,  85  c.     4  gals,  lard  oil,  $2.52, 

Cost  of  No.  1  shaft,  18  ft.  deep,  . 

Cost  per  lineal  foot,  $6.68.     Begun  May  2d  ;  finished  May 

25th,  in  36  shifts. 
Average  progress  per  shift,  6  in. 
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April  15 


16, 
19, 


NO.   1  POWDER-CHAMBER. 

May  25,      Size,  5  ft.  3  in.  square  b}'  6  ft.  long.     Paid  for  opening,  . 

Supplies,  1   keg  powder,  $2.90.    200  ft.  fuse,  03  c.     1  gal. 

oil,  63  c., 

Cost  of  No.  1  powder-chamber,   .         .     '     . 
Begun  May  25th  ;  finished  June  11th,  in  11  shifts. 

NO.  4  SHAFT. 

Cleaning  and  squaring  up  gangway,  . 

Drill  steel,  31  lbs.  @  15  c, 

Sinking  shaft,  8  feet  @  $1.83|-  per  foot, 

Drill  steel,  34*  lbs.  @,  15  c., 
"       Sinking  shaft,  8  feet  @  $3  per  foot,    . 
"       Two  picks  and  handles, 
"       Drill  steel,  15|  lbs.  @  15  c, 
30,    Sinking  shaft,  8  feet  at  $6  per  foot,     . 

Supplies,  2  kegs  powder,  $5.80.     Giant-powder,  $24.     100 
ft.  fuse,  200  ft.  waterproof  fuse,   $1.31.     5  balls  lamp 
wick,  35  c.     2^  gallons  oil,  $1.58,    .... 

Cost  of  No.  4  shaft,  24  feet  deep,  .... 

Cost  per  lineal  foot,  $5.50.     Begun  April  15th  ;  finished 

May  10th,  in  42  shifts. 
Average  progress  per  shift,  7  inches. 

NO.  4  POWDER-CHAMBER. 

May  10,      Size,  5  ft.  square  by  6  feet  long.     Paid  for  opening,  . 

Supplies,  giant-powder,  $12.89.      200  ft.  waterproof  fuse, 
$1.     2  balls  lamp-wick,  10  c.     ^  gal.  oil,  32  c, 

Cost  of  No.  4  powder-chamber,  ...... 

Begun  May  10th  ;  finished  May  20th,  in  14  shifts, 

NO.    2    CROSS-CUT   TUNNEL. 

May  21,      Drill  steel,  32  lbs.  @  15  c, 

Driving  tunnel,  9  feet  @  $4  per  foot,  .... 

"     28,  "  "         16  ft.  6  in.  @  $5  per  foot. 

Supplies,    giant-powder    and   caps,  $29  66.     400   ft.  fuse, 
$126.     4  balls  lamp-wick,  20  c.     3  gals,  oil,  $1.89, 

Cost  of  No.  2  cross-cut  tunnel,  25  feet  long. 

Cost   per   lineal  foot,  $6.13.     Begun    May  21st;  finished 

June  15th,  in  45  shifts;   36  were  10-hour  shifts,  and  9 

were  8-hour  shifts. 
Average  progress  per  shift,  7  inches. 

NO.  2  SHAFT. 

June  15,     Sinking  shaft,  19  ft.  6  in.  @  $5.50  per  foot. 

Supplies,  giant-powder  and  caps,  $30.25.      150   feet  fuse, 
47  c.     2  balls  lamp-wick,  10  c.     2h  gals,  oil,  $1  57, 

Cost  of  No.  2  shaft,  19  ft.  6  in.  deep, 

Cost  per  lineal  foot,  $7.16.     Begun  June  15  ;  finished  June 

20th,  in  30  8-hour  shifts. 
Average  progress  per  shift,  8  inches. 


$45  00 
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NO.   2  FOWDKR-CHAMBER. 

June  2G,     Size,  5  ft.  3  in.  square  by  6  feet  long.     Paid  for  opcninaj,  .         $30  00 
Supplies,  giant-powder  and  caps,  $o.     Fuse,  15  c.     Lamp- 
wick,  10  c.     Oil,  03  c, 5  88 

Cost  of  No   2  powder-chamber,  ......         $35  88 

Begun  June  2Gth  ;  finished  July  2d,  in  15  8-hour  shifts. 


NO.    3    CROSS-CUT   TUNNEL. 

June  1,        Driving  tunnel,  10  ft.  @  $4  per  foot,  .... 

Supplies,  giant- powder,  $10.     Fuse,  15  c. 

Cost  of  No.  3  cross-cut  tunnel,  10  feet  long. 

Cost  per  lineal  foot,  $5  01.     Begun  June  Ist ;  finished  June 

7th,  in  10  shifts. 
Average  progress,  1  foot  per  shift. 


$40  00 
10  15 

$50  15 


NO.    3    SHAFT. 

June  7,       Sinking  shaft,  8  feet  ®  $4  per  foot, $32  00 

"             "     13  ft.  3  in.  @  $(3  per  foot,     ....  79  50 
Supplies,  giant-powder,  $21.     3oO  ft.  fuse,  $1.10.     7  balls 

lamp-wick,  35  c.     3  gallons  oil,  $1-89,     ....  2434 

Cost  of  sinking  No.  3  shaft,  21  ft.  3  in.  deep,      .         .    •     .       $135  84 
Cost  per  lineal  foot,  $6.39.     Begun  June  7th  ;  finished  July 

1st,  in  35  shifts. 
Average  progress  per  shift,  7  inches. 


NO.    3    POWDER-CHAMHER. 


July  2,        Size  of  chamber,  5  ft.  3  in.  by  6  ft.  long.     Cost  of  opening,        $48  00 
Supplies,  giant-powder,  $0  75.     Lamp-wick,  10  c.     2  gals. 

oil,  $1.25, 8  11 


Cost  of  No.  3  powder-chamber,    .         .         .         . 
Begun  Jul}-  2d  ;  finished  July  12th,  in  15  shifts. 


$50  11 


DRILLING    A»S0KBING    WELL    IN    NO.    4    SHAFT. 

Julyl,        11^  days  @  $1.10, $12  65 

Supplies,  giant-powder,  $2.55.     Fuse,  20  c.     Lamp-wick, 

15  c.     Oil,  95 3  85 


Cost  of  drilling  well  and  explosive,     . 
Depth  14  feet.     Cost  per  lineal  foot,  $1.18. 


$16  50 


GENERAL    MINING    EXPENSES. 


Feb.  14,  Travelling  expenses,    . 

April26,  Stove-pipe  and  elbow, 

"     30,  Blowing  fan  for  ventilation, 
May  31,  "  "  " 

Jujie  30,  "  "  " 


$1  73 
5  40 
12  00 
26  00 
45  00 
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July  10, 

11, 
16, 
23, 
31, 


Aug.    3, 


9 
10, 


11, 
12, 

13, 


Aug.  14, 


Paving  No.  4  shaft  with  cohble  stones, 

Covering  floor  of  tunnel  with  loam. 

Cutting  hitches,  6  days  @  $1, 

Drilling  holes  for  wire  supports,  10  days  @  $1, 

Blowing  fan  for  ventilation,  .... 


POWDER    AND    TAMPING    ACCOUNT. 

Hemlock  lumber  for  powder-boxes,  500  feet  @  $10  per  M 
flaking  powder-boxes,  ...... 

Erecting  powder-boxes,  ...... 

Making  ladders,      ........ 

Putting  sand  around  powder-boxes,  1  day  @  §2,  2  @  1.25 

28  @  1.10,  16  @  1.00,  1  @  .60,     . 
Powder-troughs,    hoops,  squares    for    powder-barrels,   and 
handles,  ........ 

Digging  and  screening  sand,  2  men  @  §1.10,  2  @,  1.00, 
Erecting  powder-troughs,  1  man  @  $2,  7  @  1.10, 

Screening  sand,  4  men  @  §1, 

Placing  powder  in  boxes,  1  day  @  $2,  1  @  1.25,  21  @  1.10 

10|  @  1.00,  10  @  .90,    . 
No.  1  took  35  minutes  to  fill  it,  and  cost, 
No.  2     "     45  "  "  " 

No.  3     "     50  "  "  " 

No.  4     "     1  hr.  50  min.      "  " 

Taking  out  troughs,         .... 
Watching  tunnel,  4  men  @  $1.10, 
Filling  shaft  with  sand,  1  day  @  $2,  2  @  1 

2-2h  @  1.00,  10  @  .90,  11  @  .60,    .... 
Filling'shafts  with  sand,  1  day  @  $2,  3  @  1.25,  29  @  1.10 
14  @  1.00,  10  @  .90,  1  @,    60  (Loam  tamping,  $15.83 
divided  among  1,  2,  and  4  gangways,  $5.28  each). 
No.   1  shaft,  distant  95  feet  from  mouth,  took  1278  kegs  of 
sand,  was  filled  in   3  hours  and   50  minutes,  and  cost 
$26.47  to  fill. 
No.  2  shaft,  distant  166  feet  from  mouth,  took  1319  kegs  of 
sand,  was  filled  in  6  hours  30  minutes,  and  cost  $31.64 
to  fill.  • 

No.  3  shaft,  distant  194  feet  from  mouth,  took  971  kegs  of 
sand,  was  filled  in  3  hours  15  minutes,  and  cost  $21.84 
to  fill. 
No.  4  shaft,  distant  233  feet  from  mouth,  took  1024  kegs  of 
sand,  was  filled  in  5  hours  10  minutes,  and  cost  $31.64 
to  fill. 
Loam  tamping,  1  day  @  $2,  l^-  @  1.90,  2  @  1.25,  29^  (S),  1.10 

22  (w,  1.00,  2|  @  .90,  2  @  .60, 
Loam  tamping  and  taking  up  track,  1   day  @,  $2,  3  (a)j  1.25 

271  Qv,  1.10,  15^  @  1.00,  1  @  .60,  . 
Erecting  buttresses,  3  carpenters  ^  day. 
Powder,  12,000  pounds  (a),  13.6  cents  per  pound, 


$  6.72 
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ELECTRICAL    ACCOUNT. 

Aug.    5,     Fuses,  100  @.  4  cents, $4  00 

10,     Travelling  expenses, 12  59 

"      Rheostut,  galvanometer,    wire,   battery   zincs,    solution,  and 

connections 212  09 


RELAYING    TRACK. 

Aug.  16,  4  days  @  SI.  10,  5  daj^s  (a),  1.00, 
17,  4  days  (Tc,  $1.10,  3  days  @  1.00, 
19,  1  day  @  SI.  10,    .... 


$228  G8 

.  $9  40 
.  7  40 
.   1  10 


$17  90 


BECAPITULATIOX. 

Main  tunnel  along  seam  in  rock,  237  feet  6  inches 

long, 

No.  1,  cross-cut  tunnel,  40  feet  6  inches  long, 

No.  1,  shaft,  18  feet  deep. 

No.  1,  powder-chamber,    . 

No.  4,  shaft,  24  feet  deep, 

No.  4,  powder-chamber,    . 

No.  2,  cross-cut  tunnel,  25  feet  6  inches  hmg. 

No.  2,  shaft,  19  feet  6  inches  deep,    . 

No.  2,  powder-chamber,    . 

No.  3,  cross-cut  tunnel,  10  feet  long, 

No.  3,  shaft,  21  feet  3  inches  deep,    . 

No.  3,  powder-chamber,    . 

Drilling  absorbing  well  in  No.  4  shaft,  14  feet  deep 

General  mining  expenses,  .... 


Powder  and  tamping  account, 
Electrical  account,     ..... 
Relaying  track,  ..... 

Total  powder  account,     . 

Gross  total,     . 

By  165  pounds  of  steel  @  15  cents,  . 
"   Tools,  less  deterioration, 
"    Stove-pipe  150  feet  @  10  cents,    . 
"    Ladder,         .         . 
"    Rheostat,  galvanometer,  reclaimed   wire, 

solution,  and  connections, 
"    10  Fuses  @  4  cents 

Net  cost  of  blast, 


$262  05 
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16 

50 

122 

73 

S2053  88 

228 

68 

17 

90 

1524  28 


-2300  36 
3824  64 


$25  00 

7  00 

15  00 

2  00 

207  00 

40 

256  40 
$3568  24 
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The  following  table  shows  the  relation  in  cost  of  the  different  items 
of  mining,  inclnding  both  the  cost  per  lineal  foot  of  the  work  and 
the  percentage. 

The  remarks  made  upon  giant-powder  in  another  portion  of  this 
paper,  are  sustained  by  the  high  percentage  of  the  explosive  account 
when  it  is  used,  and  the  reverse  when  blasting  powder  is  employed. 

The  slight  discrepancy  in  the  cost  per  foot  in  the  two  tables  is 
caused  by  the  amount  of  steel  used  up,  which  is  itemized  in  the  latter 
and  charged  to  a  single  account  in  the  former. 

PERCENTAGE   OF   COST   ACCOUNT   IN   MINING. 


MAIN    TUNNEL 

Making  open  cut,  labor, 
Cutting  timber  for  gangway,  labor. 
Stove-pipe  for  ventilation, 
Driving  main  tunnel,  labor, 
Powder,       .... 

Fuse, 

Lamp-wick, 

Lard  oil,      .... 


NO.    1    CROSS-CUT    TUNNEL 

Drill  steel  used,  ..... 

Driving  No.  1  tunnel,  labor, 

Powder, 

Fuse, 

Lamp-wick, 

Lard  oil,      . 

$i  38 

NO.    1    SHAFT. 

Drill  steel  used, $  0-5 

Sinking  No.  1  shaft,  labor,         ....  5  78 

Powder, 48 

Fuse, 13 

Lamp-wick,         .......  02 

Lamp  oil,    ........  14 

NO    1.    POWDER-CHAMBER. 

Drill  steel  used, $  06 

Opening  No.  1  chamber,  labor,            .         .         .  7  50 

Powder, 48 

Fuse, 10 

Lard  oil,      .         .         .         .         .         .         .         .  11 


Cost  per  foot. 

Percentage 

$  01 

.009 

01 

.005 

07 

.068 

94 

.891 

01 

.012 

.001 

.001 

01 

.013 

$1  05 

1000 

$  06 

.013 

3  77 

.860 

36 

.082 

06 

.014 

.001 

13 

.030 

1.000 

.008 
.876 
.073 
.019 
.003 
.021 


$6  GO         1.000 


.007 
.909 
.058 
.013 
.013 


1.000 
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NO.    4    SHAFT. 


Drill  steel  used, 

Cleaning  and  squaring  up  gangway, 
Sinking  No.  4  shaft,  labor, 
Powder,       .... 
Giant  powder  and  caps. 

Fuse, 

Lamp-wick, 

Lard  oil,      .... 


Cost  per  foot.    Percentage. 


NO.    4,    POWDER-CHAMBER. 


NO.    2,    CROSS-CUT   TXJNNEL. 


Drill  steel  used, 

Driving  No.  2  tunnel,  labor, 

Giant  powder  and  caps, 

Fuse 

Lamp-wick, 
Lard  oil,      . 


$  05 

.011 

08 

.017 

3  46 

.695 

25 

.049 

1  00 

.201 

05 

.011 

01 

.003 

06 

013 

$  05 

4  66 

1   16 

05 

01 

07 


$4  96        1.000 


Drill  steel  used, 

$  06 

.005 

Opening  No.  4  powder-chamber. 

labor, 

8  00 

.768 

Giant-powder  and  caps, 

2  16 

.207 

"Waterproof  fuse. 

16 

.014 

Lamp-wick.         .         .         .         . 

. 

01 

.001 

Lard  oil, 

05 

.005 

$10  44        1.000 


.009 
.776 
.194 
.008 
.001 
.012 


$6  00       1.000 


NO.    2   SHAFT. 

Drill  steel  used, 

$  06 

.008 

Sinking  No.  2  shaft,  labor, 

5  50 

.762 

Giant  powder  and  caps,       .... 

1  55 

.215 

Fuse, 

02 

.003 

Lamp-wick,         .         .         .  •       . 

01 

.001 

Lard  oil, 

08 

.011 

NO.    2   POWDER-CHAMBER. 

Drill  steel  used, 

Opening  No.  2  powder-chamber,  labor, 
Giant  powder  and  caps,       .... 

Fuse, 

Lamp-w^ick,         ...... 

Lard  oil,      . 


$7  22 


$  05 
5  00 
84 
03 
02 
10 


1.000 


•009 
.828 
.139 
.004 
.003 
.017 


$6  04        1.000 
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XO.    3.    CROSS-CUT    TUNXEL. 

Drill  steel  used,  ...... 

Driving  No.  3  cross-cut  tunnel,  labor, 
Giant  powder  and  caps,       .... 

Fuse, 


Cost  per  foot.    Percentage. 


$  06 

4  00 

1  00 

01 

$5  07 


.012 

.788 
.197 
.003 

1.000 


NO.    3   SHAFT. 

Drill  steel  used, $  05 

Sinking  No.  3  shaft,  labor,          ....  520 

Giant  powder  and  caps,       .....  98 

Fuse, 05 

Lamp-wick,         .......  02 

Lard  oil, 09 

.  S6  39 

>'0      3    POWDER-CHAMBKR. 

Drill  steel  used, $  0-5 

Opening  No.  3  powder-chamber,  labor,      .         .  8  00 

Giant  powder  and  caps,      .....  1  12 

Lamp-wick,         .......  02 

Lard  oil, 22 

SO  41 


.008 
.814 
.153 
.008 
.003 
.014 

1.000 


.006 
.850 
.119 
.002 
.023 

1.000 


DRILLING    ABSORBING    WELL    IX    XO.    4    SHAFT. 

$  91 
18 
01 
01 
07 


Drilling  well,  labor, 
Giant  powder,     . 
Fuse,  . 
Lamp-wick, 
Lard  oil, 


SI  18 


.766 
.155 
.012 
.009 
.058 

1.000 


Eesults. 

Until  the  exact  amount  of  rock  loosened  is  known,  it  is  difficult  to 
speak  with  precision  in  regard  to  the  economic  success  of  the  blast. 
The  services  of  10  men,  paid  at  the  rate  of  $1.00  per  day,  were  dis- 
pensed Avith  shortly  after  it  was  fired.  This,  allowing  275  working 
days  to  the  year,  would  be  a  saving  at  once  of  $2750,  supposing  the 
rock  thrown  down  to  hold  out  so  long,  which  at  present  seems  prob- 
able. 

Other  items  of  saving  are  known,  but  their  discussion  will  not  be 
entered  into  until  it  is  possible  to  ascertain  exactly  the  amount  of 
stone  thrown  down  by  the  blast. 

No,  4  powder-chamber  did  very  little  work  in  throwing  down  rock. 
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No.  1  powder-chamber  was  located  too  fur  from  the  mouth  of  the 
gangway,  so  that  a  buttress  of  rock  was  formed  which  kept  a  large 
mass  of  stone  from  falling  which  would  otherwise  have  reached 
the  ground. 

About  2  months  after  the  firing  of  the  blast,  a  portion  of  the  main 
gangway  was  cleaned  out  and  timbered  for  possible  future  usq.  There 
was  but  little  to  be  done,  except  light  timbering  as  far  as  No.  2  cross- 
cut, but  beyond  that  it  was  entirely  closed  in.  No.  1  cross-cut  was 
cleaned  out  by  having  the  tamping  removed,  and  it  was  found  that 
the  force  of  the  powder  had  nowhere  in  the  gangway  acted  upon  the 
tamping,  but  that  the  rock  forming  the  sides  of  the  gangway  had 
crushed  together  to  the  extent  of  about  a  foot. 

The  wire  which  was  laid  along  the  floor,  was  found  in  the  parts 
near  and  in  the  shaft,  to  be  broken  into  pieces  of  about  a  foot  in  length. 
This  singular  circumstance  may  be  accounted  for  by  the  hypothesis 
that  the  first  result  of  the  explosion  was  a  succession  of  sharp,  undu- 
latory  motions  of  the  rock  which  acted  upon  the  taut  wire  with  the 
described  effect. 

The  rock  about  the  end  of  No.  1  cross-cut  was  considerably  shat- 
tered, and  the  shaft  was  only  to  be  distinguished  by  the  column  of 
tamping.  At  the  end  of  the  cross-cut,  which  was  originally  tightly 
tamped  with  loam,  an  empty  space  was  found  on  the  reopening  of 
the  gangway.  This  was  presumably  caused  by  the  blowing  out  of 
the  powder-chamber  and  lower  portion  of  the  shaft,  and  the  sinking 
of  the  column  of  sand,  carrying  with  it  the  loam  tamping  of  the 
gangway. 

The  time  occupied  from  the  inception  of  the  work  to  its  completion 
by  the  closing  of  the  electric  circuit  was  six  months. 
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THE  MANUFACTUBE  OF  SODA  BY  THE  AMMONIA 
PBGC  ESS. 

BY  OSWALD  J.    HEnSTRICH,   MINING  ENGINEER,   DRIFTON, 
LUZERNE  COUNTY,   PA. 

The  serious  objections  to  the  Leblanc  soda  process  may  be  enumer- 
ated as  follows :  1st.  The  total  loss  of  sulphur  employed,  equal  to 
about  one-third  of  soda  produced.  Various  processes  have  been 
proposed  to  regain  this  sulphur,  but  none  have  come  into  practical 
operation  on  a  large  scale.  2d.  The  great  bulk  of  Avaste  products, 
equal  to  nearly  twice  the  amount  of  soda,  which  forms  a  serious 
annoyance  about  the  works.  8d.  The  complicated  series  of  opera- 
tions necessary.  4th.  The  large  amount  of  labor  and  fuel  required. 
5th.  The  production  of  noxious  gases  which  necessitate  extensive 
condensing  arrangements.  6th.  The  large  capital  necessary  for  the 
erection  and  maintenance  of  the  plant.  These  objections  have  long 
been  recognized,  and  many  attempts  have  been  made  during  the 
last  thirty  or  forty  years,  to  discover  and  introduce  a  cheaper  and 
more  direct  method  for  the  manufacture  of  this  important  staple. 
The  reaction  between  bicarbonate  of  ammonia  and  common  salt, 
whereby  bicarbonate  of  soda,  insoluble  in  a  solution  of  chloride  of 
ammonium,  is  precipitated,  has  been  closely  studied  for  the  last  twenty- 
four  years,  on  account  of  its  simplicity  and  the  purity  of  the  prod- 
uct it  affords. 

This  ammonia-soda  process  is  now  so  far  developed,  that  while  it 
is  not  in  position  to  entirely  replace  the  Leblanc  process,  yet  it  can 
successfully  compete  with  it  where  the  conditions  and  localities  are 
favorable.  The  advantages  of  the  ammonia-soda  process  may  be 
summed  up  as  follows  : 

1st.  It  is  independent  of  the  essential  agent  in  the  Leblanc  pro- 
cess, viz.,  sulphuric  acid,  and  hence  can  be  established  in  those 
localities  where  salt  is  abundant,  and  yet  where  sulphuric  acid 
could  not  be  made,  or  where  it  could  not  be  transported  profitably. 

2d.  The  ammonia-soda  process  being  a  "  wet"  process,  the  evapor- 
ation of  salt  brines  to  obtain  the  solid  salt  required  in  the  Leblanc 
process,  is  rendered  unnecessary. 

3d.  The  direct  conversion  of  chloride  of  sodium  into  bicarbonate 
of  soda,  which  can  readily  be  converted  into  the  maketable  monocar- 
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bonate  of  a  degree  of  ]>iirity  of  98  to  100  per  cent.,  free  from  sulphur 
compounds  and  from  the  contaminathig  salts  of  the  mother  liquor. 

4th.  The  simplicity  of  the  apparatus  required. 

5th.  Economy  of  fuel,  and  also  of  labor  which  need  not  be  highly 
skilled. 

6th.  The  absence  of  noxious  gases  and  of  objectionable  waste 
products. 

7th.  The  smaller  investment  required  in  plant,  which  is  only 
one-tenth  of  that  required  in  the  Leblanc  process  for  the  same 
production. 

8th.  As  a  result  of  the  above  enumerated  advantages,  the  cost  of 
production  in  favorable  localities  will  be  about  66  per  cent,  of  tht, 
market  price. 

The  disadvantages  of  the  process  as  advanced  by  its  opponents 
may  be  said  to  be  : 

1st.  Great  loss  of  ammonia,  and  therefore,  that  it  is  only  avail- 
able in  places  where  ammonia  is  manufactured. 

2d.  The' loss  of  chlorine  which  is  regained  as  chloride  of  calcium, 
a  material  of  but  little  use  or  value,  if  not  worthless. 

The  following  opinions  of  chemists  of  high  reputation  may  be 
cited  as  important  testimony  on  the  subject. 

Prof.  A.  W.  Hoffmann  (Official  Catalogue,  III  Group,  Vienna 
Exposition,  1873),  says: 

"At  all  events  the  ammonia-soda  process  is  the  only  one  which 
will  prove  a  serious  competitor  to  the  now  nearly  exclusively  used 
Leblanc  process." 

Prof.  Roscoe,  F.  R.  S.,  in  a  lecture  upon  technical  chemistry,  at 
South  Kensington,  in  1877,  concluded  as  follows: 

"Out  of  the  very  many  proposals  which  have  been  made  to 
replace  Leblanc's  original  reactions  by  others,  only  one  has  been 
practically  successful.  This  is  theoretically  a  very  simple  and 
beatiful  one,  and  in  skilful  hands  has  been  found  capable  of  being 

worked  on  a  manufacturing  scale Nothing  can  surely  be 

simpler  or  more  beautiful  than  this — no  evolution  of  noxious  fumes, 
DO  waste  of  sulphur;  by  a  simple  decomposition  we  at  once  obtain 
what  we  want.  The  precipitate  consists  of  bicarbonate  of  soda, 
insoluble  in  the  ammoniacal  brine,  whilst  sal  ammoniac  remains  in 
the  liquid,  and  from  it  the  ammonia  can  be  recovered  by  heating 
the  liquor  with  lime.  Simple  and  beautiful  as  this  process  appears 
to  be,  the  difficulties  which  surround  it  are  extremely  great.  Al- 
though there  is  doubtless  a  future  for  this  process,  it  is  very  unlikely 
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that  it  will  interfere  with  the  manufacture  of  soda  by  the  old  plan. 
One  reason  against  the  process  is,  that  in  the  old  process  the  manu- 
facturer not  only  makes  use  of  the  sodium  of  the  common  salt,  but 
likewise  of  the  chlorine;  indeed,  in  many  alkali  works  the  manu- 
facture of  bleaching  powder  is  the  main,  that  of  alkali  the  sub- 
sidiary end.  Until,  therefore,  we  can  find  a  cheap  mode  of  ex- 
tracting the  chlorine  from  the  chloride  of  calcium  this  method  will 
hardly  be  much  used,  unless,  indeed,  Mr.  Weldon's  proposal  for 
employing  magnesia  instead  of  lime,  and  for  decomposing  the  chlo- 
ride of  magnesium  by  steam,  and  thus  getting  hydrochloric  acid, 
turns  out  to  be  practically  successful.  The  advantage  of  the  process 
is,  that  the  product  obtained  is  practically  pure,  and  the  soda  ash 
thus  prepared  tests  up  to  58.5  per  cent,  of  alkali  (against  48  per 
cent,  by  the  Leblanc  process)." 

Fair  and  candid  as  this  opinion  is,  we  must  not  overlook  the  fact 
that  Prof.  Roscoe  lives  in  a  locality  which  is  extremely  favorable 
for  the  Leblanc  process,  and  where  this  manufacture  is  most  exten- 
sively developed. 

We  will  add  in  regard  to  the  two  principal  objections  stated 
above,  the  following  remarks  : 

1st.  With  regard  to  the  loss  of  ammonia,  experience  has  shown 
that  in  properly  constructed  apparatus  with  air-tight  vessels  and 
joints,  the  loss  by  leakage  or  otherwise  is  insignificant  iu  comparison 
with  the  important  advantages  which  the  process  presents,  and  is, 
moreover,  fully  taken  into  account  in  the  estimates  of  the  cost  of 
manufacture.  Theoretically  there  is  no  ammonia  lost  whatever,  if 
the  process  is  carried  out  with  care  by  a  skilful  manager. 

2d.  The  chloride  of  calcium  is  not  necessarily  lost.  It  can  be 
used  as  an  absorbent  of  moisture  in  drying  gases,  and  in  the  rectifica- 
tion of  spirits,  in  the  preparation  of  tartaric  acid,  as  a  fertilizer, 
in  the  manufacture  of  glass,  and  also  in  the  preparation  of  chloride 
of  barium,  eveu  though  its  conversion  into  bleaching  powder  has 
not  yet  been  accomplished.  In  some  localities  it  can  be  used  in  the 
production  of  firebrick.  Experiments  are  still  in  progress  to  util- 
ize profitably  this  product,  but  even  if  it  were  entirely  lost,  it  would 
not  effect  the  cost  of  the  soda  so  as  to  prevent  the  process  being 
introduced  successfully,  as  various  establishments  now  working  this 
process  abundantly  prove.  This  will  appear  from  the  estimates 
given  below. 

The  principal  well-established  works  now  using  the  process,  are 
those  of  Messrs.  Brunner,  Mond  &  Co.,  at  Xorthwich ;  E.  Solvay, 
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at  Couillet,  Belgium,  and  at  Varangeville — Dombasle,  France; 
Schlwsing  &  Eolland,  at  Pateaux,  near  Paris;  Honigmanu,  at 
Aachen  &  Lnilwigshafen,  Germany,  and  Gerstenhofer,  at  Nagy- 
Bosco,  Hungary. 

The  works  at  Couillet  produce  4000  to  5000  tons  annually. 
There  are  also  a  number  of  new  works  projected,  particularly  in 
Germany.  The  sites  selected  for  these  works  show  that  the  fact  is 
becoming  appreciated,  that  the  localities  most  favorable  for  this 
process  are  the  brine  wells  and  the  salt  mines.  This  subject 
deserves  consideration  in  this  country,  for  we  have  here  a  number 
of  localities  fully  as  favorable,  if  not  more  favorable  than  in  Ger- 
many, where  the  process  would  prove  a  perfect  success,  and  afford 
a  good  return  to  the  capitalist. 

The  cost  of  establishing  such  a  manufacture  must  to  some  extent 
depend  on  the  locality  and  the  capacity  of  the  works,  and  no 
general  statement  of  cost  could  be  well  made  without  particular 
investigation.  Nevertheless,  it  is  certain  that  works  of  the  least 
capacity,  to  reduce  the  general  expenditures  to  an  acceptable  mini- 
mum, could  be  built  at  from  $60,000  to  $80,000,  capable  of  a  daily 
production  of  7500  kg.  =  16,500  pounds.  Taking  this  as  a  unit  of 
com])arison  with  the  old  Leblanc  plant,  the  cost  of  production, 
based  upon  actual  working  results  taken  from  the  best  works  of 
the  kind  in  Europe,  reduced  to  prices  of  labor  and  material  ruling 
this  country,  will  be : 


At  the  cities  near  the  coast. 

Atl 

jrine  centr 

Materials,  8.}  tons  of  salt  @  $6, 

$51  00 

$20  00, 

or  more  i 

7^  tons  of  lime- 

stone   @  $2  50, 

18  75 

13  00, 

or  less. 

8  tons  of  coke 

and  coal,  @  $2, 

16  00 

8  50, 

or  more. 

Labor  and  salaries,   per   day, 

79  00 

79  00, 

or  less. 

Packing   82,^   barrels    (2001b), 

@  50  cents. 

41   25 

33  00 

Kepairs  and  materials,  etc., 

23  00 

23  00 

Incidental  expenses, 

15  00 

15  00 

Interest  upon  §80,000  capital, 

invested  at  10  per  cent.,  . 

26  66 

26  66 

Total  per  day. 

$270  66 

$218  16 

The  production  per  day  will  be  16,500  jiounds  of  dry  mono- 
carbonate  of  soda  of  98  per  cent.  Considering  the  chloride  of  cal- 
cium to  be  a  total  loss,  although  it  may  be  estimated  at  least  at  the 
rate  of  common  lime,  the  cost  of  manufacture,  allowing  ten  per 
cent,  interest  in  the  estimate,  will  be  respectively  1.64  cents  or  1.32 
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cents  per  pound.  At  the  rate  of  2  cents  for  comnaercial  soda  of  48 
per  cent,  alkali,  this  soda  of  58.5  per  cent,  alkali  would  be  worth 
at  least  2J  cents,  leaving  a  net  profit  of  .86  cent,  and  1.18  cents  per 
pound,  or  Si 41. 90  and  $194.70  per  day  net  profit. 

It  has  been  asserted  that  the  loss  of  ammonia  by  this  process  is  at 
least  5  per  cent.,  an  amount  which  by  careful  work  and  improved 
apparatus  is  unquestionably  an  exaggeration.  But  suppose  such  a 
loss  should  exist;  at  the  rate  of  $100  per  ton  of  sulphate  of  ammo- 
nia as  a  source  of  ammonia  to  supply  the  deficiency,  the  daily  loss 
in  money  of  4  per  cent,  extra  loss  of  ammonia  would  be  $82.70,  or 
.38  cent  per  pound  soda  manufactured,  increasing  the  cost  of  manu- 
facture respectively  to  2.02  cents  and  1.70  cents  per  pound.  But 
the  loss  is  in  reality  very  insignificant,  and  should  never  at  the  out- 
side exceed  1  per  cent,  (at  least  where  the  highly  perfected  appa- 
ratus of  Mr.  Gerstenhofer,  of  Saxony,  is  used),  for  which  allowance 
has  been  made  in  the  above  statement. 

According  to  E.  Rolland  in  France,  the  manufacture  of  soda  by 
this  process,  at  the  rate  of  9000  kg.  =  19,800  pounds  per  day  would 
be  .88  cent  per  pound,  and  at  a  daily  production  of  10,000  kg.  = 
22,000  pounds  even  as  low  as  .8  cent.  In  Germany,  the  cost 
according  to  Gerstenhofer,  will  be  .98  cent  per  pound  (a  7500  kg. 
=  16,500  pounds  per  day,  if  rock  salt  is  used,  and  according  to 
M.  Honigmann,  in  Aachen,  the  cost  will  only  be  .75  cent,  while  the 
wholesale  market  price  of  this  article  is  from  1.50  to  2.35  cents  per 
pound. 

The  ammonia  in  this  process  is  theoretically  entirely  regained, 
and  acts  only  as  a  carrier  in  the  process.  No  loss  of  ammonia  in 
the  reaction  can,  or  should  exist,  the  only  loss  being  from  leak- 
age or  waste  not  properly  used  over  again.  In  this  respect  the 
apparatus  of  Gerstenh5fer  deserves  the  highest  praise  for  its  in- 
genuity of  arrangements.  In  converting  the  bicarbonate  into  the 
raonocarbonate  an  equivalent  of  carbonic  gas  is  regained,  but  the 
direct  sale  of  this  bicarbonate,  where  absolute  purity  is  not  re- 
quired, would  prove  equally  profitable.  The  objection  has  been  made 
against  some  of  the  soda  manufactured  by  this  process,  that  it  has 
the  peculiar  smell  of  ammonia.  Bicarbonate  manufactured  directly 
by  this  process  was  tested  by  Prof  P.  Frazer,  Jr.,  of  Philadelphia, 
by  the  Nessler  test,  and  yielded  only  .15  per  cent,  of  ammonia  and 
had  no  peculiar  smell.  To  have  it  quite  pure,  the  conversion  into 
monocarbonate  first  and  the  reconversion  into  bicarbonate  after- 
ward.Sj  is  preferable.     This  product  is  used  in  the  preparation  of 
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caustic  soda  of  higli  imrity,  wliicli  cannot  be  obtained  by  any  otlier 
process.  This  is  jiarticnlarly  sought  for  by  manufacturers  of  the 
aniline  colors,  paraffin  manufacturers,  and  also  by  the  manufacturers 
of  the  finer  toilet  soaps,  and  is,  therefore,  of  importance  to  this 
country. 

A  more  favorable  exhibit  can  be  made  if  the  localities  selected 
are  favorable,  and  if  the  production  is  large.  For  example,  the 
cost  for  brine,  nearly  19  per  cent,  strength,  in  the  Syracuse  district, 
for  one  ton  of  salt  will  be  about  82.20,  and  allowing  for  the  expense 
of  concentration,  it  would  not  cost  over  $3.  In  the  Kanawha 
region  of  West  Virginia,  although  the  brine  is  only  8  per  cent.,  it 
would  cost  only  82.35  on  account  of  the  cheap  fuel.  In  southwest 
Virginia,  at  the  Holston  salt  region,  the  wells  furnish  an  abundance 
of  saturated  pure  brine,  which  would  even  have  to  be  diluted  to 
answer  the  purpose,  and  which  could  be  obtained  at  still  lower  rates. 
The  success  of  the  process  depending  largely  upon  the  purity  of  the 
materials  employed,  the  locality,  and  facilities  of  transportation,  it 
is  of  great  importance  that  a  thorough  investigation  of  all  these 
items  should  precede  the  establishment  of  a  plant. 

The  opponents  of  the  process  point  to  the  secrecy  with  whioli  the 
works  are  surrounded,  as  evidence  that  it  is  not  yet  commercially 
successful,  but  there  are  good  reasons  for  this  secrecy.  The  chem- 
ical reactions  cannot  properly  be  regarded  as  subjects  of  patents. 
They  were  known  more  than  half  a  century  ago.  We  find  in  the 
Chemisch.es  Centralblatf ,  for  1874,  that  a  well-known  chemist,  Aug. 
Vogel.  found  among  his  father's  papers  of  1822,  under  the  head 
of  "Unfinished  Experiments,"  the  following  memorandum:  "Con- 
centrated solution  of  table  salt  is  strongly  precipitated  by  carbonate 
of  ammonia.  It  would  be  worth  while  to  ascertain  if  the  same  pre- 
cipitate occurs  in  a  solution  of  chemically  pure  salt,  or  if  the  precip- 
itate is  only  carbonate  of  lime  resulting  from  impurities  in  the 
salt."  There  are  several  patents  in  existence,  some  even  in  this 
country  in  which  this  reaction  enters  into  the  claim.  Of  these  may 
be  mentioned  E.  Solvay's  process  patented  in  France,  Belgium, 
and  this  country,  and  James  Young's,  patented  also  in  England  and 
the  United  States.  The  patent  of  H.  de  Grousillier's  and  G.  Sie- 
men's,  differs  in  some  respect  from  the  preceding.  The  appa- 
ratus of  the  first  two  mentioned  differ  considerably,  but  both  are 
objectionable  on  account  of  the  loss  of  ammonia.  Grousillier  uses 
absolute  alcohol  to  remove  the  ammonia  without  dissolving  the 
carbonate  of  soda — an  interesting  process,  but  too  costly.     Gersten- 
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hofer  and  Honlgruann,  the  two  most  successful  operators  in  Ger- 
many, used  an  apparatus  widely  different  from  the  others  men- 
tioned, whereby  the  loss  of  ammonia  is  prevented. 

The  cause  which  operates  most  strongly  against  the  introduction 
of  the  ammonia-soda  process,  is  found  in  the  immense  amount  of 
capital  invested  in  the  Leblanc  process,  particularly  in  England, 
where  the  manufacture  is  combined  with  that  of  acid  and  bleaching- 
powder,  the  latter  being  the  principal  source  of  profit.  The  manu- 
facture of  soda  alone  would  not  pay  expenses,  and  the  acid  produced 
has  also  a  limited  sale,  and  much  of  it  runs  to  waste.  Should  these 
works  be  remodeled  to  make  soda  by  the  new  process  a  great  loss 
would  be  incurred,  which  must  be  postponed  as  long  as  possible. 

But  these  arguments  do  not  apply  to  this  country.  We  still  import 
a  very  large  amount  of  soda  ash,  and  also  manufacture  to  some  extent 
soda  from  cryolite,  a  material  imported  from  Greenland,  where  the 
deposits  are  nearly  exhausted.  What,  then,  prevents  us  from  erect- 
ing in  our  own  interests,  works  of  the  newer  and  cheaper  system  to 
produce  the  soda  we  now  import,  leaving  to  the  older  process  the 
production  of  soda  as  an  incidental  product  of  the  acid  and  bleach- 
ing powder  manufacture?  According  to  the  official  government 
statistics,  the  importation  into  this  country  of  soda  products  (the 
amount  which  remained  for  consumption),  during  the  depressed 
market  of  the  twelve  months  ending  June,  1877,  was  as  follows: 

Of  bicarbonate  of  soda,        .  4,299,906  pounds,  @  2.5  cts.,.  $107,069 

Of  soda  ash  and  salt  soda,  .  218,316,863  "  @  1.57  cts.  .  3,440,751 
Of  caustic  soda,  .         .         .  35,066,818        "         @  3  2  cts.        .        1,128,946 

Or  a  total  of      .         .  115,037.3  tons  at  ..         .         .      $4,671,766 

This  shows  the  sum  of  money  we  are  sending  out  annually  to 
foreign  countries,  for  a  product  for  which  the  raw  materials  are  in 
abundance  in  this  country,  and  which  can  be  equally  successfully 
manufactured  at  home.  We  also  see  that  with  this  large  consump- 
tion of  soda  there  is  little  danger  of  overstocking  the  market,  even 
should  several  large  establishments  be  engaged  in  its  manufacture. 

To  illustrate  again,  the  advantages  of  the  ammonia  process,  the 
following  statements,  obtained  from  the  statistics  of  the  alkali  trade 
of  the  United  Kingdom  of  Great  Britain,  given  by  the  Alkali  Asso- 
ciation for  England,  in  1876,  for  the  Leblanc  process,  and  for  the 
ammonia-soda  process  from  personal  investigation  of  actual  working 
results  in  Germany,  are  given  in  Table  No.  1. 

In  Table  No.  2,  is  a  statement  by  Prof.  Koseoe,  in  the  lecture 
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already  referred  to,  from  the  estimate  of  Mr.  Maetear,  of  the 
amount  of  material  required  in  an  alkali  works,  working  100  tons 
of  pyrites,  and  the  products  produced  therefrom: 


Table  I. 


Ammonia  process  in  the  United 
States  requires  per  ton  of  car- 
bonate of  soda. 


Common  salt, 

.     1.16     . 

Limestone  (and  lime,) 

.     1.02     . 

Coke  and  coal, 

.     0.98     . 

Pyrites,    . 

Saltpetre, 

Manganese, 

Total  materials, 

.     3.16     . 

Labor, 

0.021  man, 

Wages, 

.     $10.73 

Capital  employed, 

.     $3,668 

Eepairs, 

.       $3.12 

Cost  of  product,    . 

.     $29.36 

Export  value. 

Market  value, 

.     $56.00 

Leblanc  process  in  England 
requires  per  ton  of  carbon- 
ate of  soda. 

Tons. 
.  1.008 
.  0.861 
.  2.236 
.  0.44.5 
.  0.014 
.     0  021 

.     4.645 


0.026  man. 
$8.06 

$40,177 
$2,347 
$37.30 
$39.56 


Table  II. 
Raw  materials  required  and  products  formed  in  the  Leblanc  pro- 

Products. 
70.00  tons  burnt  ore. 
65.45  "      bleaching  powder. 
134.05  "     soda  ash  of  48  pr.  ct.  al- 
kali or  90.63  tons  soda 
of  60  per  ct.  or  242.8 
tons  soda  crystals, 
manganese  recovered. 


3  per  lUU  tons  ot  pyrites : 

Raw  materials. 

100.00  tons 

pyrites. 

1.88 

saltpetre, 

160.35 

common  salt, 

47.45 

manganese, 

36.81 

lime,    . 

123.46 

limestone,    . 

67.00 

coal. 

536.95 


42.' 


312.25 


If  the  pyrites  are  too  poor  in  copper  to  render  its  extraction 
profitable,  the  "burnt  ore"  is  almost  valueless.  It  will  be  noticed 
in  this  second  table  that  the  sulphur,  a  substance  less  abundant  and 
more  valuable  than  chlorine,  is  totally  lost. 

It  thus  appears  that  in  the  Leblanc  process  over  four  tons  of  mate- 
rial are  employed  for  one  ton  of  product,  and  fully  two  tons  of  this 
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material  must  be  reckoned  in  the  waste,  even  when  the  "burnt  ore" 
and  hydrochloric  acid  can  be  utilized,  which  is  not  always  the  case. 
The  soda  ash  produced,  moreover,  contains  but  48  per  cent,  of  alkali. 
A  corresponding  statement  for  the  ammonia-soda  process  is  found 
in  the  following  table : 

Table  III. 

Eaw  materials.  Products. 

14    tons  common  salt,  5.44  tons  salt  regained. 

7J    "     limestone  8.'25    "     chloride  of  calcium  and  caustic  lime. 

8      "     coal,       .         .  7.36    "     dry  monocarbonate  of  soda  of  58J  pr.  ct.  alkali. 

29^  21.05  tons. 

Thus,  while  about  four  tons  of  raw  materials  are  used  per  ton  of 
jaroduct  sought,  there  are  but  1.12  tons  of  waste  if  all  the  caustic  lime 
and  chloride  of  calcium  are  so  considered,  which  is  not  necessarily  the 
case.  These  substances  are,  moreover,  abundant  in  nature,  and  can 
be  obtained  at  low  cost.  Further,  the  product  contains  58 1  per 
cent,  of  alkali. 

The  depressed  state  of  our  industries  suggests  the  desirability  of 
multiplying  our  manufactures  that  they  may  profitably  react  on  one 
another,  and  it  would  seem  to  be  the  part  of  prudence  for  capitalists 
to  embark  in  those  enterprises  which  are  free  from  fanciful  or  ficti- 
tious elements,  that  a  suffering  and  willing  population  of  laborers 
may  find  employment  in  the  development  of  those  resources  with 
which  a  kind  Providence  has  plentifully  supplied  us.  Progress  in 
the  arts  compel  frequently  the  change  of  site  and  of  the  principles  of 
manufactures,  and  those  who  are  the  first  to  recognize  and  avail 
themselves  of  this  inevitable  change,  will  be  those  who  Vv^ill  reap 
the  largest  profits. 
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AN  UIPBOYED  UNIVERSAL  SUSPENDED  HYDRAULIC 

LIFT. 

BY  J.    A.    HERRICK,  S.  B.,   SUPERINTENDENT,   OPEN  HEARTH  DEPART- 
SIENT,   NASHUA   IRON  AND   STEEL   COMPANY,   NASHUA,   N.    H. 

Some  time  ago  tlie  writer  needed  a  cheap,  light,  and  portable  liy- 
draulic  lift  or  crane,  that  would  be  universal  in  its  application,  and 
that  might  be  suspended  from  crane-arms,  overhead  tramways, 
beams,  etc.,  and  serve  all  the  uses  of  ordinary  hydraulic  cranes. 
This  was  accomplished  by  the  use  of  a  closed  cylinder  of  wrought- 
iron  hydraulic  pipe,  provided  at  its  top  with  the  ordinary  gland  and 
stuffing-box,  through  the  centre  of  which  passed  another  similar 
pipe  of  slightly  smaller  diameter,  forming  in  effect  the  ordinary 
plunger  of  the  regular  hydraulic  crane. 

Over  the  top  of  this  centre  pipe  or  plunger  or  piston  a  disk  of  iron 
is  placed  with  two  arms  projecting  several  inches  from  the  rim,  as 
may  be  required.  Through  these  arms  long  iron  rods  pass,  one 
on  each  side,  and  are  fastened  in  place  by  nuts  screwed  to  a  bear- 
ing immediately  above  and  below  the  disk.  These  rods  also  pass 
through  the  enlarged  head  of  the  lift  down  through  a  casting  which 
closes  the  bottom  of  the  cylinder,  which,  at  the  same  time,  gives  them 
a  bearing,  and  they  terminate  at  a  point  below  the  casting  equal  to 
the  height  of  the  lift  of  the  crane. 

The  rods  at  this  point  pass  through  a  disk  similar  to  the  top  disk 
and  are  similarly  secured  in  place.  A  common  hook  arranged  with 
a  swivel  passes  through  the  centre  of  the  disk,  and  on  this  hook  the 
load  is  suspended. 

For  a  stationary  hanging  crane  the  apparatus  is  suspended  by  two 
rods  passing  through  the  head  of  the  lift  in  similar  manner  to  the 
two  already  described,  at  right  angles  to  the  first,  and  of  sufficient 
length  to  let  the  first  set  play  between  them  and  rise  to  the  full  height 
which  the  plunger  will  allow.  The  second  set  of  rods  terminates  in 
an  iron  disk  similar  to  the  one  at  the  bottom  of  the  first  set,  and  a 
hook  through  this  in  turn  suspends  the  entire  apparatus. 

In  order  to  adapt  the  lift  to  an  overhead  tramway,  single  or  dou- 
ble, in  place  of  the  suspending  rods,  a  projection  or  offset  is  arranged 
on  each  side  of  the  head  of  the  lift  and  a  journal  cast  in,  allowing 
the  lift  to  be  suspended  on  pivots  arranged  as  follows : 
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For  a  single  tramway,  with  a  single  wheel  or  pulley,  an  axle  passes 
through  the  centre  of  the  wheel,  projecting  several  inches  beyond 
each  side.  A  connecting  bar  or  rod  unites  each  end  of  this  axle 
■with  the  ends  of  the  journals  below,  at  a  distance  equal  to  the  entire 
lift  of  the  crane,  thus  allowing  swinging  motion  in  the  direction  of 
the  length  of  the  tramway.  When  in  any  case  vertical  space  is  more 
limited,  the  room  available  may  be  economized  by  the  following 
modification  of  the  lift. 

The  head  of  the  lift  may  be  moved  as  close  to  the  bottom  of 
the  crane-arm  or  tramway  as  will  allow  it  to  swing  free.  The 
stuffing-box,  etc.,  may  be  transferred  to  the  bottom  of  the  outside 
cylinder,  which  is  thus  left  open  at  the  top,  and  a  regular  piston 
head  fitted  to  the  top  of  the  plunger,  which  thus  plays  in  the  outside 
cylinder.  The  piston  is  prevented  from  rising  too  far  by  a  disk  fast- 
ened below,  as  in  the  first  form,  which  in  turn  carries  the  hook  as 
before.  For  a  double  tramway,  with  two  wheels  on  each  side,  the 
journals  of  the  lift  or  crane  play  in  a  rectangular  frame,  in  bearings 


of  the  ordinary  kind,  motion  in  every  plane  being  secured  by  the  use 
of  a  second  rectangular  frame  in  which  the  first  frame  hangs  sus- 
pended at  right  angles  to  the  axis  of  the  journals  suspending  the  lift 
proper,  thus  securing  a  universal  pivot.     This  second  frame  is  at- 
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tached  to  wheels  resting  on  the  tramway.  In  order  to  save  friction 
these  wheels  should  be  of  good  size,  and  provided  with  friction  rolls. 

The  outside  cylinder  is  tapped  at  the  lowest  convenient  point  on 
its  side,  and  a  piece  of  common  iron  pipe  inserted,  and  into  this  short 
pipe  is  fastened  ordinary  rubber  hose.  The  water  is  forced  into  the 
bottom  of  the  cylinder  through  the  rubber  hose  by  the  usual  means 
to  accomplish  such  a  ])urpose. 

For  use  on  an  overhead  railway,  crane-arras,  etc.,  the  rubber  hose 
is  carried  still  higher,  and  is  suspended  by  a  chain  attached  to  a 


single  pulley,  which  in  its  turn  runs  along  a  single  suspended  hori- 
zontal bar,  and  thus  follows  the  lift  in  any  direction.  A  common 
two-way  valve,  or  two  globe  valves  suitably  arranged,  alternately 
admits  and  draws  off  the  water  from  the  described  cylinder.     The 
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drawings  show  the  lift  adapted  for  use  as  an  overhead  travelling 
crane.  In  Fig.  1,  b,  is  the  disk  surmounting  the  plunger  (shown 
dotted) ;  A,  is  the  head  of  the  lift ;  c,  is  the  gland  fitting  into  the 
stuffing-box;  D,  is  the  journal  projecting  on  either  side  and  revolving 
in  the  bearings,  e,  fr  tened  to  the  frame,  e.  The  frame  in  turn  re- 
volves in  the  bearings,/,  fastened  to  the  outside  frame,  f,  thus  secur- 
ing a  universal  motion  of  the  lift.  Frame,  F,  in  turn,  is  supported 
on  four  wheels,  g,  running  along  the  rails,  as  shown,  and  revolv- 
ing on  axles  passing  through  f.     Fig.  2,  shows  a  side  elevation  of 


Section  A. EL 


the  entire  apparatus,  like  letters  referring  to  like  parts;  j,,is  the 
outside  cylinder  closed  by  casting,  K,  through  which  also  pass  the 
weighted  rods  already  mentioned ;  L,  is  the  supply-pipe  passing  to 
source  of  pressure,  and  suspended  from  a  pulley  overhead  (not  shown). 
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This  flexible  pii)c  moves  with  the  lift,  as  before  described.  Fig.  3, 
represents  a  full  end  view  of  the  lift,  like  letters  indicating  like  parts. 
Section,  a,  b,  shows  the  inside  view  of  the  lift  proper;  j,  is  the  out- 
side cylinder,  and  I,  the  plunger.  To  adapt  this  arrangement  per- 
fectly for  a  charging  crane,  a  brake  (not  shown)  is  arranged,  locking 
the  wheels,  g,  at  will  to  the  rails.  To  withdraw  from  the  furnace, 
a  pair  of  grab-tongs  are  swung  from  the  bottom  hook,  as  is  usual, 
and  pushed  into  furnace  and  clamped  to  any  desired  pile  or  ingot. 
By  raising  the  piston,  the  tongs  with  their  load  are  at  once  with- 
drawn, and  the  load  may  be  transferred  by  the  tramway. 

To  charge  a  piece,  a  pulley  is  placed  beneath  the  furnace-door, 
a  chain  is  hooked  to  the  end  of  a  charging  peel,  then  carried  over 
the  pulley,  and  up  to  the  bottom  hook  of  the  lift.  By  clamping 
the  lift,  and  hoisting  the  piston  as  before,  the  peel  can  be  run  into  the 
furnace-door  over  a  movable  roll  at  its  mouth.  This  lift  can  be 
hung  in  a  similar  way  on  any  crane-arm,  single  or  double,  and  used 
as  a  hydraulic  crane  at  will,  at  very  much  less  expense  of  construc- 
tion and  operation  than  by  methods  heretofore  in  use.  It  may  also 
supplement  for  light  work  a  common  heavy  crane,  being  hung  on  a 
light  arm  from  crane  posts,  as  it  takes  very  little  water,  and  thereby 
saves  the  steam  used  in  lifting  the  heavy  arms,  trucks,  etc.,  of  large 
cranes.  In  one  of  the  several  forms  it  may  be  made  portable,  and 
serve  a  great  variety  of  uses  in  loading  merchandise,  storing  heavy 
goods,  as  a  stone  derrick,  etc.,  as  well  as  many  purposes  in  manu- 
facturing iron  and  steel. 

As  hydraulic  pipe  may  be  had  up  to  18  inches  in  diameter,  and 
rubber  hose  can  be  easily  procured,  capable  of  standing  300  to  400 
pounds  to  the  square  inch,  this  crane,  it  would  seem,  can  be  adapted 
to  almost  any  kind  of  heavy  work.  This  suspended  lift  has  been 
in  use  in  each  of  its  different  forms  for  a  year  jiast  in  the  new  steel 
shop  of  the  Nashua  Iron  and  Steel  Company  at  Nashua,  N.  H.,  and 
has  uniformly  given  great  comfort  and  satisfaction. 

Note.— The  above  paper  was  in  the  hands  of  the  secretary  of  the  Institute 
for  publication,  and  the  proper  papers  were  prepared  to  secure  a  patent,  when 
the  writer  found  that  the  hydraulic  features  of  the  above  described  "lift" 
seemed  to  be  already  covered  bya  previous  juitent  for  a  "  steam  portable  crane  !" 
The  lift  was  in  use  daily  for  nearly  eighteen  months,  and  was  believed  to  be 
entirely  novel.  "While  the  principles  seem  to  be  previously  covered  their  appli- 
cation for  the  especial  purpose  described  is  believed  to  be  novel. 
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AN    ENGLISH    AND    AN    AMERICAN    TRANSIT    FITTED    WITH    THE    IMPROVED 
TRIPOD    HEAD,    AND    A    MINER'S    DIAL. 

BY  JOHN  HENRY   HARDEN,    UNIVERSITY  OF   PENNSYLVANIA, 
PHILADELPHIA, 

With  imperfect  instruments  it  is  impossible  to  make  accurate 
surveys;  the  results  are  inaccurate  maps,  with  their  attendant  con- 
sequences. The  design  of  the  M-riter  is  to  describe  an  improved 
form  of  tripod  head,  and  certain  defects  in  an  English  transit  and  a 
miners'  dial,  with  the  method  taken  to  remedy  the  defects  of  the 
transit.  When  the  present  transit  superseded  the  surveyor's  com- 
pass, there  was  one  special  objection  brought  against  it,  and  with 
some  show  of  reason  ;  namely,  that  the  tripod  of  the  compass  with 
its  ball  and  socket  motion,  allowed  a  quicker  levelling-up  (and,  con- 
sequently, more  work)  than  was  possible  with  the  transit.  To  this 
objection  it  was  replied,  that  the  ball  and  socket  would  not  allow  the 
instrument  to  be  levelled  with  the  same  degree  of  precision  that 
could  be  attained  with  the  levelling  screws,  and  that  if  time  was 
sacrificed  greater  accuracy  was  attained.  Nevertheless,  it  is  a  well- 
known  fact  that  in  this  country,  and  especially  in  England,  the 
compass  or  miners'  dial  holds  its  ground  solely  from  its  rapid  adjust- 
ment. 

Ever  since  the  introduction  of  the  transit,  efforts  have  been  made 
to  give  to  this  instrument  the  same  facility  of  levelling  possessed  by 
the  compass  or  dial,  and  the  same  means  have  been  tried,  i.  e.,  a 
ball  and  socket  motion,  since  a  modification  of  this  in  some  form  was 
the  only  method  that  would  answer.  The  upper  part  of  a  transit  is, 
however,  much  heavier  than  the  corresponding  parts  of  a  compass, 
and,  therefore,  requires  more  binding  power,  which  cannot  be  ob- 
tained with  an  ordinary  ball  and  socket  joint.  It  has  been  a  study 
with  instrument-makers  to  combine  the  facility  of  these  two  tripods 
— the  quickness  of  the  ball  and  socket  with  the  steadiness  and  accu- 
racy of  the  screws;  but  in  all  attempts  in  this  direction  the  ball  and 
socket  of  the  compass  has  been  literally  followed,  the  entire  stability 
of  the  instrument  depending  upon  the  friction  of  the  ball  in  its 
socket. 

There  is  great  need  for  a  tripod  that  can  be  more  easily  manipu- 
lated than  the  present  form,  for  it  rarely  happens  that  an  engineer 
has  a  level  surface  on  which  to  set  his  instrument,  and  very  often 
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the  topography  of  the  countiy,  or  the  highly  inclined  strata  of  the 
mine,  present  places  where  it  is  often  very  diflicult  to  set  up  an  in- 
strument. Much  of  the  time  in  surveying  is  employed  in  this  ad- 
justment; and  during  this  time  the  corps  of  assistants  are  generally 
kept  waiting ;  it  will  be,  therefore,  readily  understood  that  any 
change  tending  to  give  greater  speed  in  the  setting  up  and  levelling 
operations  is  of  no  small  importance. 

The  present  form  of  tripod  has  many  defects  which  have  been 
borne  with  simply  because  no  method  has  been  devised  to  correct 
them.  One  of  the  disadvantages  is,  that  it  is  almost  impossible  to 
level  up  a  sensitive  bubble,  so  that  it  will  remain  in  the  centre  of  its 
run  long  enough  to  take  a  satisfactory  sight ;  that  is,  after  setting  the 
instrument  level  and  sighting,  on  taking  a  second  look  at  the  bubble 
it  is  almost  invariably  found  out  of  place.  It  is  then  necessary  to 
level  up  again,  and  repeat  this  operation  two  or  three  times  before 
one  can  feel  satisfied  that  the  observation  is  correct.  These  defects 
were  thought  to  arise  from  the  springing  of  the  plates  by  forcing  the 
levelling  screws  too  tight;  investigation,  however,  has  shown  that, 
in  the  majority  of  cases,  there  is  one  common  cause,  the  springing  of 
the  screws  themselves.  These  screws,  when  moved  in  or  out  to  a 
considerable  extent,  do  not  stand  perpendicularly  to  the  plate  on 
which  they  rest,  but  on  an  inclined  plane,  and  on  turning  them,  their 
points  have  a  tendency  to  slide  down  this  plane.  (See  Fig.  XII, 
Plate  YI,  C.  D.)  In  this  position  they  spring,  and  turning  them  has 
a  tendency  to  bind  or  bend  them.  If  any  two  opposite  levelling 
screws  are,  the  one  screwed  and  the  other  unscrewed  (as  in  levelling 
up  an  instrument),  the  points  of  the  two  remaining  screws  will  de- 
scribe small  arcs  of  circles  instead  of  standing  upon  fixed  points. 

Another  imperfection  in  some  instruments  is  found  in  the  parts 
forming  separate  planes,  one  through  the  axis  of  the  instrument  and 
the  centre  of  the  ball  and  socket,  M,  the  other,  through  the  points  of 
the  levelling  screws,  H  H  H,  resting  upon  plate  II.  This  will  be 
found  illustrated  in  Fig.  XVIII,  Plate  VI,  in  wdiich  the  solid  per- 
pendicular lines,  HHH,  represent  the  screws  resting  upon  plate  II; 
A  B  '\s  the  plane  of  the  ball  and  socket  31 ;  the  inclined  dotted  lines 
are  positions  of  the  tripod  ;  the  perpendicular  dotted  lines  and  the 
points  a  a,b  b,  c  c,  are  the  positions  of  the  points  of  the  screws,  cor- 
responding to  the  positions  of  the  tripod.  It  will  be  observed  that 
the  levelling  screws  are  not  always  equidistant  from  the  axis  of  the 
instrument.  In  the  diagram  Fig.  XIX,  Plate  VI,  the  above  defect 
is  in  a  great  measure  remedied  by  making  the  planes  coincide. 
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There  is  yet  another  imperfection  in  the  construction  of  some 
instruments;  that  is,  the  pUimmet  is  attached  to  some  point  on  the 
axis  above  or  below  the  centre  of  the  ball  and  socket.  In  either 
case,  the  plummet,  after  being  set  over  a  station,  will,  during  the 
operation  of  levelling  up,  travel  away  from  the  point.  This  will  be 
found  to  operate  in  a  degree  proportionate  to  the  distance  of  the 
attachment  of  the  plummet  from  the  centre  of  the  ball,  and  the  de- 
viation of  the  axis  from  the  perpendicular  at  the  time  the  instru- 
ment is  moved  over  the  centre.  This  defect  can  be  got  over  by 
levelling  the  instrument  first,  then  moving  it  over  the  station. 
No  such  defects  exist  in  the  construction  of  the  improved  tripod 
to  be  described. 

Although  all  the  other  parts  of  the  instrument  have  been  im- 
proved, from  time  to  time,  the  tripod  head,  with  one  exception,  re- 
mains the  same  as  originally  devised.  The  one  change  is  the  addi- 
tion of  the  shifting-head,  allowing  the  entire  instrument,  with  its 
plummet,  to  be  accurately  placed  over  a  fixed  point,  after  the  opera- 
tion has  been  approximately  performed  by  moving  the  legs.  This 
improvement,  in  various  shapes,  common  to  all  first-class  instru- 
ments, is  a  valuable  one,  and  is  shown  in  Fig.  I,  Plate  V.  1 1  is 
the  screw  cap  of  the  tripod ;  J  J,  the  shifting  plate ;  IT  H,  the 
levelling  screws.  On  unscrewing  these,  the  plate  J  J,  forming  a 
part  of  the  socket  N N,  of  the  small  ball  0  0  (the  centre  of  which  is 
the  axis  of  the  instrument,  and  the  point  from  which  the  plummet 
is  suspended)  can  be  moved  in  any  direction  within  the  limits  of  the 
inside  opening  L  L,  of  the  screw  cap  II,  together  with  the  plate 
K  K,  forming  a  rest  for  the  levelling  screws. 

The  advantages  possessed  by  the  new  form  of  tripod  head  are  as 
follows : 

Fii'st.  A  saving  of  time,  arising  from  an  increased  facility  of  set- 
ting-up and  levelling,  which  can  be  done  approximately  at  once 
without  the  use  of  the  screws.  Less  than  half  a  turn  is  then  neces- 
sary to  bring  the  instrument  to  a  perfect  level,  the  operation  at 
the  same  time  clamping  the  instrument.  Second.  The  levelling 
screws,  H II,  are  at  all  times  perpendicular  to  the  plate  G  G,  to 
which  they  are  attached,  and  the  plate  K  K  and  screw  cap  1 1,  on 
which  they  rest.  Third.  The  levelling  screws  are  reduced  in  length, 
and  their  dutv  to  a  minimum,  the  instrument  beins;  no  higher  or 
heavier  than  before.  The  shifting  head  for  plumbing  over  a  fixed 
point  is  retained,  no  extra  screws  being  required  to  clamp  the  in- 
strument, this  operation  being  performed  at  the  time  it  is  brought 
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over  the  point,  and  finally  levelled  by  half  a  turn  or  less  of  the 
screws.  When  this  is  accomplished,  the  centre  of  the  cross-wires  of 
the  telescope,  the  centre  around  which  the  instrument  turns  (being 
the  centre  of  the  two  balls  (M),  the  point  from  which  the  plummet 
is  suspended),  the  point  of  the  plummet,  and  the  fixed  point  or  sta- 
tion over  which  the  instrument  stands  coincide  with  each  other. 

Fig.  XI,  Plate  VI,  is  a  cross-section  of  the  improved  tripod  head, 
and  Fig.  XII  is  a  section  of  the  old  form  of  tripod.  In  the  former 
J  /  is  the  screw  cap,  //  the  shifting  plate,  a  part  of  the  small  socket 
iViVof  the  ball  0  0,  and  H  H are  the  levelling  screws;  these  parts 
are  common  to  all  first  class  instruments.  It  will  be  observed,  how- 
ever, that  besides  the  half  ball  and  socket  {N  N,  0  O)  above  men- 
tioned, there  is  an  extra  and  larger  ball  and  socket  represented  by 
the  letters  P  B,  P  R,  forming  a  part  of  plate  S  S,  to  which  the  in- 
strument is  fastened,  and  plate  G  G,  to  which  the  levelling  screws 
are  attached,  the  latter  plate  always  remaining  parallel  to  the  screw 
cap  of  the  tripod  head,  on  which  the  points  of  those  screws  rest;  so 
that  whatever  position  the  instrument  may  assume  in  relation  to  the 
tripod  head  the  screws  will  always  act  directly  perpendicular  to  both 
plates,  G  G  and  II.  The  contrary  is  the  case  in  the  old  form  of 
tripod,  as  shown  in  the  cross-section,  Fig.  XII,  where  the  screw's 
appear  resting  upon  the  inclined  plane,  CI).  In  Fig.  XI  the  two 
half-balls,  N  0,  N  0,  and  P  R,  P  R,  are  respectively  1|  and  3^ 
inches  in  diameter,  and  the  instrument  moves  under  all  conditions 
upon  a  centre  common  to  both  balls,  this  being  the  point  (il/)  to 
which  the  plummet  is  attached ;  it  is  therefore  impossible  for  the 
plummet  to  be  otherwise  than  perpendicular  to  the  axis  of  the  in- 
strument. 

It  is  scarcely  necessary  to  give  here  the  modus  operandi  of  using 
the  instrument  fitted  with  this  improvement,  it  will  be  readily  un- 
derstood from  an  examination  of  the  drawings.  The  improved 
head  saves  from  one-half  to  two-thirds  of  the  time  usually  occupied 
with  screwing  and  unscrewing  as  in  the  old  plan. 

Although  mention  of  this  improvement  has  been  made  only  in 
connection  with  the  transit,  yet,  it  is  equally  adapted  to  theodolites, 
levels,  and  astronomical  or  other  instruments  of  a  like  character. 
Figs.  Ill,  IV,  V,  VI,  VII,  and  VIII,  Plate  V,  are  elevation,  plan, 
and  detail  of  a  London  transit  owned  by  the  writer,  which,  could  it 
have  been  examined  before  purchase,  would  never  have  come  to 
America.  In  two  instances  the  fastenings,  as  illustrated  by  Fig.  VII, 
failed  to  hold  the  instrument  and  tripod  together  while  being  carried 
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on  the  shoulder,  and  the  instrument  once  fell  to  the  ground.  The 
device  shown  in  Fig.  VIII  was  designed  to  obviate  this  defect,  but 
failed  in  its  object,  and  it  was  then  determined  to  have  the  instrument 
fitted  with  the  improved  tripod  head.  Fig.  IX,  represents  the  in- 
strument after  the  alteration.  If  in  the  old  form  of  the  instrument  it 
was  required  to  be  set  up  on  uneven  ground,  as  represented  by  Fig.  Ill, 
the  axis  of  the  instrument  could  by  no  possibility  be  brought  to 
coincide  with  the  perpendicular  of  the  plummet,  in  other  words,  the 
axis  of  the  instrument  could  not  beset  perpendicular  to  a  fixed  point 
or  station.  A  possible  error  from  this  source  is  illustrated  by  Fig. 
Ill ;  Fig.  V,  shows  the  rigid  attachment  hook  from  which  the  plummet 
is  suspended,  having  no  connection  with  the  axis  of  the  instrument. 
The  dotted  hook.  Fig.  Ill,  is  perpendicular  to  the  axis  of  the  in- 
strument, that  in  solid  line  to  the  tripod  and  shifting  bar  J.  J. 
Before  the  alteration,  the  instrument,  complete  on  its  legs,  weighed 
30^  lbs.,  it  now  weighs  2o|-  lbs.  Figs.  XIII  and  XIV,  illustrate 
the  method  of  fastening  the  legs  to  the  tripod. 

An  improved  form  of  the  trijjod  head  designed  by  the  writer  is 
shown  in  Fig  X.  Its  possible  advantages  over  the  original  inven- 
tion, are  a  greater  sweep  of  the  instrument  (15°  30')  on  each  side  of 
the  perpendicular,  a  longer  spindle  or  axis  on  which  the  instrument 
revoh^es,  a  larger  diameter  and  in  consequence,  a  larger  bearing  sur- 
face in  the  large  ball.  The  levelling;  screws  are  covered  from  dust, 
and  at  the  same  time  are  no  obstruction  to  the  working  of  the  instru- 
ment in  any  position  it  can  be  placed,  and  its  greater  width,  equal 
to  the  distance  from  centre  to  centre  of  the  levelling  screws,  gives  it 
greater  stability. 

Fig.  XA^II,  Plate  VI,  is  a  miners'  dial  imported  by  the  writer. 
It  illustrates  very  plainly  a  similar  defect  to  that  of  the  London 
transit,  but  in  a  more  aggravated  form.  The  drawing  shows  an 
error  of  more  than  three-fourths  of  an  inch,  from  which  there  is  no 
relief  when  setting-up  on  a  sloping  surface. 

Figs.  XV  and  XVI  are  elevation  and  plan,  detail  drawings  of 
the  large  ball  to  transit  Fig.  X. 

The  drawings,  one-half  the  natural  size,  were  all  made  from 
actual  measurements  of  the  instruments.  The  letters  and  figures 
correspond  with  the  same  parts  on  all  the  drawings. 
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THE  COAL  AND  IRON  OF  THE  HOCKING  VALLEY,  OHIO. 

BY  T.  STERRY  HUNT,  LL.D.,  F.R.S.,  MONTREAL,  CANADA. 

It  is  now  five  years  since  I  called  the  attention  of  the  Institute  to 
the  industrial  importance  of  the  coal  and  the  iron  ores  of  tlie  Hocking 
Valley  in  Soutiieastern  Ohio,  and  in  a  pamphlet  on  the  region  pnb- 
lished  soon  after,  in  1874,  endeavored  to  resume  the  principal  facts  then 
known  respecting  it,  including  the  observations  of  the  geological  survey 
of  Oiiio,  made  and  published  up  to  the  time  by  Professors  Andrews 
and  Wormley,  together  with  an  estimate  of  the  probable  future  of  the 
region,  and  its  relations  to  the  coal  and  iron  markets  of  the  country. 
Since  that  time  the  labors  of  the  Geological  Survey  have  included  a  fur- 
ther study  of  the  coal  by  Prof  Edward  Orton,  the  results  of  which 
will  be  awaited  with  much  interest.  I  may  say  from  my  knowledge 
of  them,  that  while  confirming  the  general  conclusions  of  his  prede- 
cessors, he  has  been  enabled  to  add  much  to  our  knowledo;e  as  re- 
gards  the  correlation  of  the  various  members  in  different  parts  of  the 
coal-field,  and  to  show  more  clearly  the  positions  and  the  importance 
of  the  ore-beds  in  the  Hocking  Valley  region.  The  only  ore  mined  in 
that  vicinity  previous  to  1874,  was  below  what  is  called  the  Great 
Vein  or  Xo.  VI  coal,  and  to  the  west  of  what  is  known  as  the 
Hocking  Valley  coal-field,  and  although  experiments  in  a  few  fur- 
naces in  the  State  had  shown  that  this  coal  could  be  used  with  advan- 
tage in  iron-smelting  there  was  not  a  single  blast  furnace  within  the 
field.  My  observations  at  that  time,  however,  impressed  me  with  the 
abundance  of  iron  ore,  not  only  below  but  above  this  important  coal 
seam,  and  I  then  ventured  to  express  the  opinion  that  this  region, 
from  its  cheap  and  easily  mined  smelting-coal,  its  native  ores 
and  limestones,  and  its  geographical  position  and  relations  to  the 
great  markets  of  the  West,  and  to  the  supply  of  rich  iron-ores  from 
Lake  Superior,  was  destined  at  no  distant  time  to  become  a  great 
metallurgical  centre,  where  iron  could  be  made  more  cheaply  than 
at  any  other  equally  accessible  point  in  the  country. 

The  object  of  the  present  communication  is  to  report  progress, 
and  to  state  how  far  my  observations  made  in  the  region  last  month 
have  justified  the  predictions  of  1874.  The  five  years  which  have 
elapsed  have  been,  as  all  know,  most  unfavorable  to  the  iron  trade,  and 
especially  to  new  enterprises  in  untried  regions,  yet  they  have  not 
passed  without  important  industrial  developments  in  the  Hocking 
Valley,  where  not  less  than  thirteen  blast  furnaces  have  been  erected 
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within  the  past  three  years,  the  whole  within  a  radius  of  about 
ten  miles,  and  not  far  from  Shawnee,  Straitsville,  and  Bessemer. 
One  of  these  is  not  yet  completed,  one  being  enlarged,  and  three, 
from  financial  difficulties,  are  inactive.  The  others  are  in  successful 
operation,  and  it  is  probable  that  in  a  few  months  the  whole  number 
will  be  in  blast.  Of  these  furnaces  the  greater  number  use  native 
ores  alone,  in  some  cases  the  Iron  Point  or  Black  Band,  which  after 
calcination,  gives  fifty  per  cent,  of  iron  ;  while  three  are  smelting, 
with  admixtures  of  native  ores,  yielding  from  thirty  to  forty  per  cent, 
of  iron,  about  one-fifth  of  Lake  Superior  ore.  The  success  of  those 
who  have  been  able  to  carry  on  their  smelting  operations  has  been, 
for  the  most  part,  highly  satisfactory,  and  the  iron  produced  is  of 
excellent  quality,  especially  for  foundry  purposes,  and  finds  a  ready 
sale  in  the  markets  of  Ohio  and  Michigan.  The  production,  which 
amounted  to  about  24,000  tons  in  1877,  exceeded  70,000  tons  in 
1878,  and  the  present  improved  tone  of  the  iron-market  will  prob- 
ably lead  to  a  considerable  increase  in  1879.  This  record,  it  may  be 
fairly  claimed,  shows  a  remarkable  progress  in  a  new  region,  effected 
during  a  period  of  unexampled  depression,  and  is  of  good  augury 
for  the  future. 

I  should  violate  confidences  were  I  to  give  the  figures  privately 
communicated,  or  obtained  from  the  books  of  the  Akron  and  other 
furnaces,  but  it  may  be  said  that  even  at  the  lowest  prices  in  1878 
the  iron  from  these  furnaces  yielded  large  profits,  and  that  the  cost  of 
production  is  very  low.  The  net  price  paid  for  mining  coal  at  the  side 
of  the  furnaces  is  43  cents  per  ton,  and  the  royalty  paid  is  10  cents, 
and  wdien  the  ores  near  by,  yielding  from  30  to  40  per  cent,  of  iron, 
are  mined  by  contract  at  from  60  to  70  cents,  and  at  most  $1  a  ton, 
it  is  easy  to  see  that  the  conditions  are  exceptionably  favorable.  The 
•experience  already  gained,  however,  shows  that  here,  as  elsewhere, 
care  must  be  exercised  in  the  selection  of  ores,  and  also  in  the  loca- 
tion of  the  furnaces  with  reference  to  a  supply  of  water.  The  use  in 
the  furnaces  of  coke  made  from  the  coal  seams  just  above  the  Great 
Vein  will  probably  be  found  of  considerable  advantage  when  mixed 
with  the  raw  coal  from  the  latter  for  iron-smelting. 

The  exports  of  coal  frozn  the  Great  Vein  in  this  region  are  con- 
siderable, and  increasing  in  amount;  a  single  railroad,  the  Colum- 
bus and  Hocking  Valley  Railroad,  in  1878,  having  carried  of  it 
514,000  tons.  Of  this  a  large  part  finds  its  way  to  tlie  lake  ports, 
whence  the  ores  of  Lake  Superior  can  be  readily  brought.  These  in 
the  future,  it  may  be  expected,  will  not  only  be  used  in  admixture 
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with  the  native  ores,  but,  smelted  by  themselves  with  the  cheap  coal 
and  coke  of  the  region,  will  afford  materials  for  the  manufacture  of 
Bessemer  and  open-hearth  steels. 

DISCUSSION. 

]Mu.  "William  Kent  (speaking  of  the  coking  properties  of  the  coal) 
referred  to  an  experiment  made  in  the  spring  of  1877  at  Shawnee, 
where  a  beehive  coking  oven  had  been  erected,  and  an  attempt  made 
to  coke  a  small  lot  of  coal,  which  was  said  to  have  been  brought  from 
another  portion  of  the  district,  ten  or  twelve  miles  distant.  The  re- 
ports of  the  result  of  this  test  were  quite  conflicting,  but  he  had  seen 
samples  of  the  coke  in  Columbus,  which  a])peared  to  be  of  excellent 
quality;  and  Mr.  Fulton,  of  the  Cambria  Iron  AVorks,  had  shown 
him  a  piece  of  the  same,  which  he  (Mr.  Fulton)  said  was  as  fine  a 
piece  of  coke  as  any  in  the  country. 

Thirteen  blast  furnaces  have  been  built  in  the  Hocking  Valley 
within  the  past  four  years,  and  many  hundreds  of  thousands  of  dol- 
lars have  been  spent  upon  them  and  in  developing  the  ore  and  coal, 
yet  not  one  thousand  dollars  has  been  spent  to  determine  whether  or 
not  the  coal  could  be  coked — the  most  important  problem  before 
the  district.  The  furnaces  are  all  using  soft  coal,  with  the  usual 
accompaniments  of  small  product  (12  to  25  tons  per  day),  frequent 
scaffolds,  and  consequent  high  cost  of  labor  per  ton  of  iron.  If  the 
coal  of  the  Bayley's  Run  seam  can  be  coked,  the  furnaces  may  be 
built  larger,  and  their  capacity  be  increased  to  100  tons  per  day. 
The  cost  of  this  coke  should  be  but  little  more  than  that  of  Connells- 
ville  at  the  ovens  where  the  latter  is  made,  and  as  the  coal  is  freer 
from  ash  and  sulphur  than  Connellsville,  its  quality  should  be  supe- 
rior. AVith  native  ores  and  limestones  immediately  adjoining  the 
coal,  and  with  facilities  for  obtaining  Lake  Superior  ores  by  com- 
peting lines  of  railroad  as  cheaply  as  they  can  be  obtained  at  Pitts- 
burgh, a  hot-blast  coke  iron  of  any  desirable  quality  might  be  made 
cheaper  than  at  either  Pittsburgh  or  Cleveland.  All  this,  however, 
depends  upon  the  practicability  of  making  a  good  coke  from  this 
coal ;  and  an  experiment  on  a  large  scale  to  determine  this  question 
ought  to  be  made  preliminary  to  any  further  investment  of  capital  in 
the  district. 

Mr.  Ed.  Nichols  said  that  the  Bailey's  Run  coal,  w-hich  had  just 
been  spoken  of  as  being  suitable  for  coking,  probably  contained  too 
much  sulphur  to  be  used  for  that  purpose  Avithout  washing,  and  that 
it  was  questionable  whether  sufficiently  abundant  supplies  of  water 
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for  that  purpose  would  be  generally  obtainable  near  the  mines.  In 
the  matted  of  a  constant  water  supply  the  Hocking  Valley  region 
was  generally  deficient,  and  a  number  of  cases  were  mentioned  where 
furnaces  already  erected  had  been  forced  to  build  dams  across  dry 
ravines  to  hold  surface-water  produced  by  rains,  this  being  their  only 
source  of  supply.  The  principal  streams  of  the  region,  with  the  ex- 
ception of  the  Hocking  River,  although  furnishing  considerable 
water  during  the  spring  and  winter,  dry  up  almost  completely  in 
the  summer. 


THE  BRADFOBD  OIL  DISTRICT  OF  PENNSYLVANIA. 

BY  CHAS.    A.    ASHBURNER,   ASSISTANT,   SECOND  GEOLOGICAL   SURVEY 
OF  PENNSYLVANIA,  PHILADELPHIA. 

The  Bradford  Oil  District  lies  in  the  northern  part  of  McKean 
County,  Pa.,  and  the  southern  part  of  Cattaraugus  County,  N.  Y. 
Although  petroleum  was  first  found  in  the  'producing  sand  in  1871, 
it  was  not  until  the  early  part  of  the  year  1875  that  a  productive 
horizon  was  acknowledged  to  exist,  even  by  those  most  largely  in- 
terested in  the  production  of  the  crude  oil. 

It  has  been  reported  to  me  that  the  first  well  drilled  in  the  valley 
of  the  Tuneangewant  Creek  (commonly  called  Tuna  Creek)  was 
drilled  by  F.  E.  Dean  and  brothers  in  1865.  This  well  was  located 
on  the  Shepherd  farm,  near  the  present  site  of  Custer  City.  One 
hundred  and  sixty  feet  of  drive  pipe  was  used,  and  the  hole  was 
drilled  to  the  depth  of  900  feet. 

The  producing  sand  at  Custer  City  is  found  about  1130  feet  below 
the  level  of  the  railroad  track.  The  Shepherd  farm  well  was  there- 
fore abandoned  over  200  feet  above  the  top  of  the  oil  sand. 

The  next  well  was  drilled  by  the  Dean  brothers  on  the  Clark  fiirm 
at  Tarport.  Drilling  was  stopped  at  a  depth  of  605  feet,  or  over  400 
feet  above  the  top  of  the  oil  sand. 

In  the  year  1862  the  old  Bradford  well,  since  known  as  the  Barns- 
dall  well,  was  drilled  to  a  depth  of  200  feet  with  a  spring  pole,  and 
then  abandoned.  In  the  spring  of  1866  the  citizens  of  the  village 
of  Bradford  concluded  to  club  together  and  sink  the  Barnsdall  well 
deeper.  It  was  drilled  to  a  total  depth  of  875  feet,  or  to  within  150 
feet  of  the  Bradford  producing  sand.  All  of  these  wells  were  drilled 
with   the  expectation  of  finding  the  Venango  County  oil,  and  at 
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about  the  same  depth  below  water-level  as  at  Oil  City.  They  were 
all  utter  failures,  and  the  old  Bradford  well,  drilled  to  a  depth  of  200 
feet  in  1862,  has  as  much  claim  to  have  been  the  first  oil  well  in  the 
Bradford  District  as  any  of  those  which  were  subsequently  drilled 
by  the  Dean  brothers. 

The^rs^  well  sunk  to  the  Bradford  sand  was  drilled  by  Mr.  James 
E.  Butts,  Hon.  C  H.  Foster,  and  Mr.  Job  Moses,  with  a  few  others, 
under  the  name  of  the  Foster  Oil  Company.  This  well  was  situated 
on  the  Gilbert  farm,  two  miles  northeast  of  Bradford.  "Slush  "  oil 
was  found  at  a  depth  of  751  feet,  and  the  producing  sand  was  struck 
at  1110  feet  in  the  month  of  November,  1871.  The  daily  produc- 
tion was  10  barrels.  From  the  time  when  the  sand  was  found  in 
the  Foster  Oil  Company's  well  to  December,  1874,  no  wells  were 
drilled  that  amounted  to  anything. 

On  December  6th,  1874,  Messrs.  Butts  and  Foster  struck  the  oil 
sand  in  what  is  known  as  the  Butts  well, No.  l,on  the  Archy  Buchanan 
farm,  two  and  a  half  miles  northeast  of  Bradford.  This  well  started 
off  with  a  daily  production  of  70  barrels,  and  was  really  the  first  well 
that  attracted  the  attention  of  the  oil  men  to  the  possibility  of  find- 
ing a  profitable  oil  district  in  the  county. 

The  unparalleled  growth  of  the  field  is  evidenced  by  the  fact  that 
in  December,  1878,  four  years  from  the  completion  of  the  Butts 
well,  the  average  daily  production  of  crude  oil  was  23,700  barrels,  or 
about  Iths  of  the  total  daily  production  of  the  State  of  Pennsylvania. 

Geological  Position  of  the  Bradford  Producing  Sand. — The  early 
drillers  in  the  territory  regarded  the  oil  as  coming  from  the  same 
geological  horizon  as  that  occupied  by  the  "Third  Sand"  along  Oil 
Creek,  in  Venango  County.  Inconsistent  as  this  idea  was  with 
known  facts  in  the  geology  of  Northwestern  Pennsylvania,  the  pro- 
ducing  sand  was  named  the  "  Third  Sand,"  and  the  determination  of 
a  "First"  and  "Second"  sand  was  left  to  the  driller.  No  careful 
examination  was  made  of  the  "sand  pumpings,"  but  from  the  way 
the  drill  pierced  the  strata  two  sand  horizons  were  located.  The 
upper  sand,  about  600  feet  above  the  producing  sand,  was  named  the 
"  First  Sand  ;"  the  lower  one,  300  feet  above  the  same  horizon,  was 
named  the  "Second  Sand." 

The  opinion  which  had  been  frequently  expressed  by  expert  geolo- 
gists that  there  was  little  probability  of  finding  the  Oil  Creek  sands 
north  of  the  Philadelphia  and  Erie  Railroad  was  denied  on  the  basis 
of  what  the  driller  regarded  as  overwhelming  evidence.  As  far  as 
nomenclature  went  the  comparison  between  the  Venango  and  ]\[cKean 
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County  oil  rocks  seemed  perfect.  Along  the  Allegheny  River,  in 
the  former  county,  the  drill  had  proven  the  existence  of  three  dis- 
tinct sand  horizons  producing  petroleum,  which  had  long  been 
known  as  tlie  "First,"  "Second,"  and  "Third"  sands,  the  latter 
being  the  most  productive. 

One  mile  above  Oil  City,  in  Venango  County,  the  top  of  the 
"  Third  Sand  "  is  528  feet  above  ocean  level.  At  Bradford,  which 
is  64  miles,  north  55  degrees  east,  of  Oil  City,  the  top  of  the  produc- 
ing sand  is  only  414  feet  above' ocean  level.  If  the  producing 
sand  in  the  two  localities  was  the  same,  there  would  be  a  dip  in  the 
sand  from  Oil  City  to  Bradford  of  (528-414)  114  feet.  Between 
these  two  places  the  surface  rocks  have  a  persistent  dip  to  the 
southwest,  which  averages  about  14  feet  per  mile.  This  estimate  is 
based  on  the  identity  of  the  Second  Mountain  Sand,  the  bottom  of 
which  north  of  Oil  City  is  about  1290  feet  above  ocean  level,  with 
the  Olean  conglomerate,  the  bottom  of  which  at  Bradford  is  2170 
feet  above  the  same  datum. 

The  interval  between  the  outcropping  conglomerates  and  the 
geological  horizon  of  the  Oil  Creek  "  Third  Sand  "  probably  varies 
but  little  between  the  two  points,  so  that  the  stratum,  w^hatever  it  be, 
which  occupies  the  horizon  of  the  "  Third  Sand  "  in  McKean  County 
should  be  found  at  Bradford  at  about  water-level.  But  the  top  of 
the  sand  which  produces  the  petroleum  at  Bradford  is  found  1030 
feet  below  water-level. 

In  Venango  County,  according  to  Mr.  Carll,  Assistant  in  the  oil 
regions,  the  average  distance  from  the  top  of  the  "  First  Sand  "  to 
the  bottom  of  the  "Third  Sand,"  is  315  feet.  In  McKean  County, 
I  find  from  a  study  of  a  number  of  well  records,  that  the  average 
distance  from  the  top  of  the  First  Sand,  so  called,  to  the  bottom  of 
the  so-called  "Third,"  or  producing  sand,  is  660  feet.  Here  then 
are  two  facts  which  cannot  be  denied,  if  the  Oil  Creek  "Third  Sand" 
is  geologically  the  same  as  the  Bradford  sand  :  First,  the  Bradford 
sand  is  over  a  thousand  feet  lower  than  facts  would  lead  us  to  sup- 
pose, and,  second,  the  groups  of  oil  rocks  in  McKean  County  are 
over  three  hundred  feet  too  thick.  Again,  if  the  Venango  and  Mc- 
Kean oil  sands  were  the  same,  of  course  the  whole  rock  serias  would 
have  to  thicken  very  much  to  the  northeast. 

The  accompanying  chart  of  columnar  sections  (see  Plate  VII) 
shows  that  the  formations  between  the  Olean  Conglomerate  and 
Bradford  Oil  Sand,  thicken  very  materially  from  Bradford  south 
to  Ridgway.     If  the  strata  from  the  Second  Mountain  Sand  to  the 
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Oil  Creek  "Third  Saiul  "  did  not  remain  approximately  constant 
from  Oil  City  to  Bradford,  as  we  have  supposed,  there  would  be 
many  more  reasons  to  assign  a  thickening  to  the  southwest  rather  than 
to  the  northeast. 

Mr.  Carll,  in  the  early  part  of  1876,  published  the  fact  that  the 
Bradford  producing  sand  was  probably  1000  feet  below  the  Oil 
Creek  "Third  Sand."  Facts  since  obtained  show  this  to  have  been  a 
close  estimate. 

To  make  a  comparison  of  the  rocks  passed  through  in  the  two 
districts,  it  was  necessary  to  have  complete  and  authenticated  records. 
No  accurate  register  of  the  rocks  has  ever  been  kept  by  any  of  the 
producers  in  the  Bradford  district.  This  fact  can  readily  be 
accounted  for  when  it  is  remembered,  that  with  the  exception  of  the 
wells  at  State  I^ine  and  Limestone,  N.  Y.,  the  bulk  of  the  produc- 
tion comes  from  one  horizon.  The  difference  in  the  strata  is  so 
slight,  that  except  by  a  close  examination  of  the  sand  pumpings,  it 
is  impossible  to  distinguish  any  change  in  the  succession  of  the  sedi- 
mentary •  deposits. 

In  December,  1877,  Professor  J.  P.  Lesley  appointed  Mr.  Arthur 
Hale  to  the  special  work  of  obtaining  a  correct  record  of  the  Dennis 
&  Co.'s  well,  No.  I,  which  was  about  to  be  drilled  on  the  high 
summit  about  three-quarters  of  a  mile  southwest  of  Bradford.  This 
well  was  completed  in  the  early  part  of  1878.  The  measurements 
were  made  with  great  care,  and  wherever  the  rock  was  found  to 
change  a  specimen  or  specimens  were  secured  for  future  study.  The 
depth  of  the  well  is  1719  feet.  The  elevation  of  the  floor  of  the  der- 
rick above  ocean  is  2055  feet,  Bradford  station  on  the  Erie  Railway 
(now  N.  Y.,  L.  E.  and  W.  Railway)  being  1444  feet.  This  record  is 
without  doubt  the  longest  detailed  and  accurately  measured  record  of 
any  oil  well  in  the  United  States.  Deeper  wells  have  been  drilled, 
but  no  record  has  ever  been  kept  so  accurately  as  this  one  to  such  a 
depth.  A  complete  description  of  the  record  is  contained  in  a  paper 
which  I  read  before  the  American  Philosophical  Society,  September, 
1878. 

The  top  of  the  well  is  stratigraphically  115  feet  below  the  bottom 
of  the  Olean  Conglomerate,  which  is  the  lowest  member  of  the  Coal 
Measure  conglomerate.  No.  XII,  and  which  ca^is  the  highest  sum- 
mits in  the  vicinity  of  Bradford. 

The  Mauch  Chunk  shales.  No.  XI,  if  present  in  this  part  of  the 
county,  are  represented  by  the  shales  immediately  underlying  the 
Olean  Conglomerate.     They  cannot  be  more  than  5  or  10  feet  thick. 
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The  strata  pierced  in  this  well  may  be  grouped  as  follows  :^ 


Pocono  (Vespertine),  No.  X, 
Catskill  (Ponent),  No.  IX, 
Chenumg  (Vergent),  No.  VIII, 

Total,    .... 


132  feet. 
250    " 
1337    " 

1719  feet. 


The  total  thickness  of  No.  X  is  about  230  feet,  allowing  7  feet 
for  the  shales  of  No.  XI,  immediately  underneath  the  Olean. 
The  following  is  a  condensed  description  of  the  Dennis  record  : 

Pocono  Formation,  No.  X. 


Thickness. 

Depth. 

Surface  clay,  .         .         .         .         . 

4  feet  to 

4  feet. 

Olive  gray  shale, 

11 

15     " 

Gray  sandstone, 

33 

48     " 

Gray  shale, 

19 

67     " 

Blue  and  gray  sandstone,  shale  and  slate,     . 

49 

116     " 

Gray  sandstone,      ...... 

16 

132     " 

Catskill  Formation,  N 

0.  IX. 

Thickness. 

Depth. 

Ked  shale, 

6  feet  to 

138  feet. 

White  and  gray  sandstone 

59 

197     " 

Ked  shale  "  Paint  Rock,"      .         .         .         . 

18 

215     " 

Gray  sandstone  containing  a  few  pebbles, 

23 

238     " 

Bluish  slate, 

77 

315     " 

Gray  sandstone,      ...... 

5 

320     " 

Red  slate, 

8 

328     " 

Gray  sandstone  and  slate, 

39 

367     " 

Red  shale,  mottled,         .... 

15 

382     " 

Chemung  For7nation,  No. 

VIII. 

Thickness. 

Depth. 

Gray  slate, 

8  feet  to 

390  feet. 

Dark  and  gray  sandstone, 

.       45 

11 

435     " 

Fine  sandstone  and  slate, 

216 

u 

651     " 

Gray  sandstone  and  slate, 

61 

II 

712     " 

Red  sandstone, 

.       10 

i: 

722     " 

Dark  slate, 

.       20 

II 

742     " 

Sandstone  and  chocolate  shale. 

63 

11 

805     " 

Gray  slate  and  sandstone. 

201 

11 

1006     " 

Red  slate  and  shale,       .... 

.       14 

11 

1020     " 

Gray  sandstone  and  slate, 

36 

11 

1056     " 

Gray  and  yellow  sandstone,  "First  Sand,' 

so  called,     ...... 

.       25 

11 

1081     " 

Gray  sandstone  and  slate  (oil  show  in  lowe 

r 

part), 

.       44 

11 

1125     "     . 

Gray  slate,      ...... 

.     175 

11 

1300     " 

*  The  classification  of  the  rock  series  here  indicated  is  provisional.  For  the 
final  arrangement  of  the  strata  the  reader  is  referred  to  my  forthcoming  report 
on  McKean  and  Elk  counties.  Second  Geological  Survey  of  Pennsylvania. 


Thickness. 

Depth. 

17  feet  to  1317  feet. 

28     " 

1345     " 

36     " 

1381     " 

283     " 

1GG4     " 

54     " 

1718     " 

1     " 

1719     " 
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Brown  sandstone,  ..... 

Slate, 28 

Brown  and  gray  sandstone,  "Second  Sand,' 

so  called,     .......       36 

Gray  slate,  with  occasional  sand  beds,  . 
Brown   sand,  "Third  Sand,"  so  called,  or 

Bradford  producing  sand,    . 
Slate  and  sandstone,       .... 

Three  hundred  and  twelve  specimens  were  obtained  of  tlie  strata 
encountered  in  the  Dennis  well.       , 

For  convenience  of  study  I  have  placed  a  portion  of  each  speci- 
men in  a  homoeopathic  vial,  half-inch  diameter.  These  vials  are 
placed  on  their  sides,  and  piled  one  upon  another,  and  placed  in 
three  walnut  cabinets,  each  cabinet  containing  104  bottles.  Each 
bottle  i&  separated  by  a  small  strip  of  tin  from  the  adjoining  bottle, 
so  that  any  one  may  be  removed  for  examination  without  disturbing 
the  others.  The  space  in  each  cabinet  which  contains  the  samples 
is  5|  feet  long  and  2^  inches  wide. 

To  the  right  of  the  rock  colunm  I  have  placed  a  columnar  section 
drawn  to  scale,  so  that  the  specimens  may  be  referred  directly  to 
their  vertical  position  in  the  well  record.  It  will  be  noticed  that 
the  bottles  themselves  are  not  placed  according  to  scale,  but  are  piled 
directly  one  upon  another,  irrespective  of  the  interval  which  sepa- 
rates them  in  the  record.  If  the  specimens  had  been  placed  to  scale 
the  total  length  of  the  section  would  have  been  45  feet  instead  of 
ni  feet  as  at  present.  The  size  of  the  cabinets  would  have  been 
awkward,  and  no  material  advantage  would  have  been  gained.  I 
have  given  the  above  description,  from  the  fact  that  I  believe  it  to 
be  the  best  method  for  the  study  of  well  records  in  connection  with 
specimens  of  the  borings. 

Tiie  producing  sand  in  the  Dennis  well  is  54  feet  thick.  The 
sand  is  of  about  the  same  degree  of  coarseness  as  the  ordinary  beach 
sand  along  the  Jersey  coast,  and  contains  comparatively  little  cement- 
ing material.  The  sand  is  finer  and  closer  in  texture  than  that  of 
any  other  oil-producing  territory  in  Pennsylvania.  It  is  more  homo- 
geneous in  section,  and  has  a  more  constant  character  over  a  wider 
area  than  any  other  oil-sand. 

These  facts  have  much  to  do  with  the  small  percentage  of  risk 
which  the  driller  experiences  of  obtaining  "  dry  holes."  The  Brad- 
ford is  the  surest  and  safest  district  in  which  to  operate. 

In  January  last  there  were  112  wells  completed  in  the  territory, 
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of  which  8  or  7j'g-th  per  cent,  were  dry  holes.  The  percentage  of 
dry  holes  in  the  other  districts  of  the  State  was  29jLth,  or  7  wells 
out  of  24  completed. 

In  the  Bradford  district,  from  December  1st,  1877,  to  December 
1st,  1878,  there  were  2018  wells  completed,  of  which  87  were  dry 
holes,  or  4y^gths  per  cent.  Tiie  percentage  of  dry  holes  in  Pennsyl- 
vania, exclusive  of  the  Bradford  district,  during  the  same  year  was 
24,Vlis. 

In  the  Haskill  well  at  Smethport,  fifteen  miles  southeast  of  Brad- 
ford, a  sand  was  struck  at  1345 /eet,  and  was  reported  to  be  12  feet 
thick.  The  sand  which  at  present  is  producing  about  two  barrels 
of  oil  a  day  in  the  Haskill  well  was  found  at  a  depth  of  1718  feet, 
and  is  18  feet  thick.  Drilling  was  continued  to  124  feet  below  the 
lower  or  producing  sand.  The  Smethport  producing  sand,  by  most 
of  the  producers,  is  considered  to  be  the  same  as  the  Bradford  sand. 
From  a  careful  study  which  I  have  made  of  a  number  of  surface 
sections  and  well  records  in  northern  McKean  County,  I  have  come 
to  the  conclusion  that  the  upper  sand  in  the  Haskill  well  is  the  rep- 
resentative of  the  Bradford  sand,  and  that  the  lower  or  producing 
sand  in  this  well  lies  360  feet  geologically  lower  than  the  great  pro- 
ductive horizon  of  the  Bradford  district. 

The  Smethport  oil  horizon  is  interesting,  from  the  fact  that  it  is 
the  lowest  geological  horizon  at  which  petroleum  has  been  found  in 
Pennsylvania.  I  first  announced  the  discovery  of  this  fact  in  a 
paper,  which  I  read  before  the  Engineers'  Club  of  Philadelphia, 
February  16th,  1878,  on  the  "Oil  Sands  of  Pennsylvania."  At  that 
time,  the  sand  had  not  been  found  at  Smethport,  but  had  been 
pierced  by  the  drill  in  a  well  at  Sartwell  in  an  adjoining  township. 

The  grouping  of  the  rocks  of  McKean  and  Elk  counties,  under 
the  head  of  our  well-known  Palaeozoic  formations,  can  only  be  done, 
at  present,  provisionally.  The  surface  of  the  territory  is  so  univer- 
sally covered  with  drift,  and  the  few  rock  exposures  which  are 
found  are  so  scattered  that  the  classifications  of  the  strata  have  been 
as  various  as  the  reports  which  have  been  published. 

It  may  be  interesting  to  state,  in  this  connection,  that  there  are 
as  many  as  five  distant  and  independent  sandstones  in  McKean  and 
Elk  counties,  which  by  different  authorities  have  been  considered  to 
be  the  representative  of  the  Pottsville,  or  Coal  Measure  Conglomer- 
ate, No.  XII.  The  practical  result  has  been  that  in  McKean  County 
alone  not  one-half  of  the  lands  which  have  been  negotiated  as  un- 
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derlaid  by  valuable  coal  beds,  will  ever  produce  one  ton  of  commer- 
cial coal  at  such  a  price  as  to  render  the  development  profitable. 

The  confusion  which  has  resulted  from  attempted  classifications 
of  tlie  sub-con<rlomerate  rocks  has  been  no  less  than  that  which  has 
come  from  an  erroneous  identification  of  the  conglomerate  itself. 
My  examinations  ir  the  northern  part  of  the  State  have  so  far  been 
confined  to  a  district  in  which  no  one  of  our  Palaeozoic  formations 
has  been  absolutely  determined.  The  grouping  which  has  been 
suggested  in  this  paper  seems  to  be  the  most  natural  one,  in  view  of 
the  resemblance  of  the  section  to  those  in  distant,  but  carefully 
studied  portions  of  the  State.  It  was  approved  and  adopted  by 
Professor  Lesley,  after  comparing  my  sections  with  the  conclusions 
reached  by  Mr.  Andrew  Sherwood  from  his  studies  in  Potter  and 
Tioga  counties,  which  lie  directly  east  of  McKean  County,  Whether 
our  future  examinations  will  verify  this  provisional  classification 
or  not,  it  is  of  no  importance  as  bearing  on  the  practical  conclusions 
of  this  paper.  The  upper  red  bands,  shown  in  the  section  at  Brad- 
ford, at  Smethport,  at  the  Wilcox  wells,  at  the  Bear  and  Silver 
Creek  wells,  and  at  Ridgway,  are  unquestionably  the  same.  What- 
ever formation  they  may  prove  to  be  a  part  of  at  Ridgway,  they 
will  be  a  part  of  the  same  formation  at  Bradford.  A  careful  exami- 
nation of  the  fossil  forms  in  this  district  from  the  Chemung  up  into 
the  lower  productive  Coal  Measures  has  been  made,  but  the  means 
which  the  fossils  afford  for  stratigraphical  determinations  are  ex- 
tremely limited. 

Palfeontologically  considered,  the  rocks  frorn  the  base  of  the  Olean 
Conglomerate,  No.  XII,  to  the  bottoms  of  the  deepest  valley,  some 
800  feet  in  all,  are  essentially  one  group  incapable  of  subdivision. 
They  contain  in  all  eighteen  Waverly  species,  seven  Chemung 
species,  and  one  of  Carboniferous  type.  The  Waverly  species  do 
not  seem  to  predominate  above,  nor  the  Chemung  species  below 
any  fixed  horizon.  I  have  grouped  the  rock  series  mainly  from 
lithological  determinations,  which  undoubtedly  lead  to  the  most 
reliable  and  accurate  conclusions,  when  sufficient  sections  can  be 
had  for  comparison.  Having  determined  the  relation  of  the  pro- 
ducing sand  at  Bradford  to  the  overlying  strata,  I  next  souglit 
for  some  constant  horizon  which  should  afford  the  best  means  of 
comparing  distant  sections.  Tliis  was  of  importance  in  order  to 
ascertain  the  approximate  depth  below  the  surface  of  the  Bradford 
sand  in  any  territory  adjacent  to  the  developed  district,  in  which 
petroleum  should  be  drilled  for.    The  rock  most  constant  in  its  gen- 
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eral  character  in  McKean  and  Elk  counties  seems  to  be  the  Olean 
Conglomerate. 

Between  this  cono-lomerate  and  the  oil-bearins:  sand  there  is  no 
stratum  or  series  of  strata,  with  possibly  the  exception  of  the  red 
shale  bands  of  the  Catskill,  No.  IX,  and  Chemung,  No.  YIII,  which 
can  furnish  a  reliable  guide  to  the  oil  prospector. 

The  sandy  measures  in  the  1000  or  1500  feet  immediately  over- 
lying the  oil-sand  at  Bradford,  are  poor  guides  in  looking  for  the  oil- 
sand  in  new  or  wild-cat  territory.  They  lead  to  confusion,  error, 
and  disappointment.  There  is  no  guide  which  the  driller  considers 
more  infallible  than  the  so-called  "  First "  and  "  Second  "  sands. 
It  is  true  that  in  a  limited  territory,  there  are  distinct  sand  strata 
300  and  600  feet  respectively  above  the  Bradford  sand,  but  I  believe 
it  impossible  to  determine  the  position  of  the  oil-sand  by  an  arbi- 
trary location  of  these  upper  sands. 

One  important  fact,  which  is  too  often  overlooked,  is  that  the 
rocks  may  thicken  or  thin  between  two  constant  horizons  in  com- 
paratively short  distances,  so  that  •allowances  must  be  made,  either 
plus  or  minus,  in  estimating  the  proper  depth  to  drill  in  order  to 
strike  the  producing  sand. 

The  chart  of  columnar  (Plate  VII)  sections  shows  the  position 
of  the  Bradford  producing  sand  below  the  Olean  Conglomerate  at 
Bradford,  in  the  Ilaskill  well  at  Smethport,  in  the  Wilcox  wells,  in 
the  Bear  Creek  well,  in  the  Silver  Creek  well,  and  in  the  old  Dick- 
inson or  Ridgway  well.  The  horizon  of  the  sand  in  the  three  last 
wells  is  probably  al)out  the  same  depth  below  the  bottom  of  the  Red 
Catskill  as  it  is  in  the  Wilcox  wells.  Although  the  bottom  of  the 
Olean  Conglomerate  in  the  vicinity  of  these  different  wells  is  found 
at  varying  elevations,  yet  I  have  placed  it  in  the  drawing  on  the 
same  horizontal  line,  for  convenience  of  comparing  the  underlying 
strata. 

It  will  be  noticed  that  the  Pocono  formation.  No.  X,  and  Red 
Catskill,  No.  IX,  thicken  very  much  south  from  Bradford.  As  a 
consequence  the  Bradford  oil-sand  horizon  at  Ridgway  would  be 
found  nearly  600  feet  further  below  the  Olean  rock  than  it  is  at 
Bradford.  This  fact  has  a  very  important  practical  bearing.  The 
Bear  Creek  well,  which  was  drilled  to  a  depth  of  1998  feet,  and  the 
Silver  Creek  well,  which  is  1760  feet  deep,  have  both  been  aban- 
doned long  before  the  Bradford  sand  could  possibly  be  reached.  I 
do  not  mean  to  say  that  if  these  wells  were  drilled  to  the  proper 
depth,  they  would  prove  productive.     Not  at  all,  but  I  do  assert 
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that  tliev  should  be  much  deeper  to  strike  the  Bradford  sand  if  it 
underlies  this  portion  of  Elk  County. 

Tliosc  two  wells  form  examples  of  many  that  I  could  cite  where 
the  money  spent  in  drilling  has  been  more  than  thrown  away.  They 
prove  nothing  and  only  tend  to  condemn  the  territory  as  "dry"  with- 
out any  facts  to  support  such  a  conclusion.  Can  it  be  denied  that 
geological  work  is  of  practical  use  to  the  oil  prospector? 

The  table  on  the  preceding  page  gives  the  thickness  of  the  several 
formations  shoMTi  in  the  chart  (Plate  VII),  together  with  the  tidal 
elevation  of  the  Bradford  sand.  The^well  records  have  been  con- 
tinued up  to  the  bottom  of  the  Olean  Conglomerate,  where  the  drill- 
ing was  commenced  below  that  horizon,  by  surface  observations. 

The  geological  position  of  the  top  of  each  well  in  McKean  County, 
in  the  table,  may  be  found  by  subtracting  the  distance  to  the  top  of 
the  Bradford  sand  from  the  sum  of  the  overlying  formations.  In 
making  the  same  estimate  of  the  wells  in  Elk  County,  the  total  depth 
of  the  well  must  be  taken  instead  of  the  distance  to  the  top  of  the 
Bradford  sand,  since  this  horizon  was  not  reached  by  the  drill. 

A  section  is  not  given  on  the  chart  of  the  Hulings,  Hukill,  Co- 
burn,  or  Ernhout  &  Taylor  (Xo.  2)  wells. 

It  will  be  noticed  that  between  Bradford  and  Smethport  the  strata 
from  the  Olean  rock  to  the  Bradford  sand  maintain  almost  a  constant 
thickness.  From  Bradford  southwest  to  the  Hukill  well,  which  is 
one  and  a  half  miles  northeast  of  Ludlow  station,  the  Pocono,  Xo. 
X,  thickens  about  100  feet,  while  the  other  formations  remain  about 
the  same  as  in  the  Dennis  well.  In  the  "Wilcox  wells,  Xo.  X  is 
about  the  same  thickness  as  in  the  Hukill  well.  The  greatest  amount 
of  change  in  the  two  counties  takes  place  between  the  Wilcox  wells 
and  the  Bear  Creek  well.  In  this  distance  oi  8^  miles  the  interval 
from  the  bottom  of  the  Olean  to  the  top  of  the  Catskill  thickens  to 
the  south  at  the  rate  of  28  J  feet  per  mile.  The  same  rocks  between 
the  Bear  Creek  and  Ridgway  well  thicken  to  the  south  at  the  rate 
of  26|  feet  per  mile.  From  the  Wilcox  wells  to  the  Ridgway  well  the 
Red  Catskill,  X'o.  IX,  thickens  at  the  average  rate  of  4|  feet  per  mile. 

If  it  was  not  for  the  geological  fact  that  the  formations  thicken  in 
Elk  County  rapidly  to  the  south,  the  Bear  Creek  well  would  be  deep 
enough  to  have  encountered  the  horizon  of  the  Bradford  sand. 

•  The  elevation  of  the  bottom  of  the  Olean  Conglomerate  in  the 
vicinity  of  the  Wilcox  wells  is  1879  feet;  at  Ridgway  the  same  geo- 
logical horizon  is  1 746  feet  above  tide,  so  that  the  average  dip  of  the 
bottom  of  Xo.  XII  between  the  two  places  is  about  8  J  feet  per  mile. 
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The  southern  clip  of  all  the  rocks  below  the  Olean  would  be  greater 
than  8^  fi?et  per  mile  on  account  of  their  thickening  to  the  south. 

Dtp  of  the  Bradford  Sand. — The  producing  sand  from  the  Four 
Mile  dih^trict,  which  is  in  Cattaraugus  County,  N.  Y.,  about  seven 
miles  northeast  of  Bradford,  toward  Bradford  averages  12  feet  per 
mile,  south  50°  west.  Fi-om  Bradford  toward  Shepherd  Run  the  aver- 
age dip  per  mile  is  11  feet,  south  25°  west.  From  Tarport  north  to 
State  Line,  to  Limestone,  the  dip  varies  from  15  to  19  feet  per  mile  to 
the  north.  This  change  of  dip  to  the  north  near  the  State  Line 
has  doubtless  influenced  the  shape  of  the  valley  eroded  by  the  Alle- 
gheny River. 

The  development  which  has  been  inade  at  State  Line  and  at  Lime- 
stone is  outside  of  the  line  which  I  have  drawn  on  the  map  as  the 
approximate  boundary  of  the  Bradford  district,  in  October,  1878. 
The  wells  at  these  two  places  have  been  excluded  because  their  char- 
acteristics are  quite  different,  and  they  seem  to  form  an  outlying  patch 
of  the  main  district.  The  total  length  of  the  Bradford  territory 
proper,  northeast  and  southwest,  is  over  17  miles,  while  its  maxi- 
nuim  breadth  northwest  and  southeast  is  about  8  miles. 

Production  of  the  Bradford  District. — The  growth  of  this  oil-field 
has  been  so  rapid  and  so  different  from  the  other  districts  in  Penn- 
sylvania that  I  have  thought  it  might  be  of  interest  to  the  Institute 
to  make  some  general  statements  as  to  its  production. 

Daily  Production  of  Bradford  District  compared  with 
THE  Total  Daily  Production  of  the  State. 
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Three  years  ago  from  last  December  Bradford  produced  less  than 
one-hundredth  of  the  total  production  of  Pennsylvania.  In  Decem- 
ber, 1878,  Bradford  produced  over  one-half  of  the  entire  produc- 
tion of  the  State. 

The  following  table  gives  the  total  production  in  the  State  and 
the  Bradford  district  for  1876,  1877,  and  1879: 

Bradford.  State. 

1876,       ....         382,708  bbls.  8,908,900  bbls. 

187.7 1,405,481     "  13,135,071     " 

1878,       ....     6,208,746     "  15,165,462     " 


Total  for  three  years,  8,056,995  bbls.  37,270,039  bbls. 
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The  total  production  of  McKean  and  Cattaraugus  counties  from 
the  discovery  of  petroleum  in  1871  up  to  the  first  of  the  present 
year,  would  amount  in  the  aggregate  to  about  eight  millions  one 
hundred  thousand  (8,100,000)  barrels  of  oil. 

The  average  daily  production  of  the  3000  wells  in  the  Bradford 
district  during  last  month  (January)  was  25,000  barrels  or  8J  bar- 
rels per  well.  The  average  daily  production  per  well  of  those 
which  were  completed  during  the  month  was  17|  barrels.* 


A  METHOD  OF  BOLLING  STEEL  OB  IBON  EYE-BABS. 

•  BY  CHAELES  MACDONALD,    C.E.,   NEW  YORK  CITY. 

Weought-iron  eye-bars  for  bridges  and  roofs,  designed  upon 
what  is  known  as  the  pin  connection  system,  have  been  successfully 
manufactured  in  this  country  for  some  years.  The  most  approved 
methods  employed  have  been  the  hydraulic  upsetting  process,  and 
by  die-forging  under  a  hammer. 

In  upset  eyes  the  fibre  of  the  iron  is  necessarily  much  distorted ; 
and  in  bars  of  considerable  size,  this  disturbance  seriously  impairs 
the  strength  of  the  connection. 

Mr.  Collingwood,  in  discussing  my  paper  on  "  Proportions  of  the 
Heads  of  Eye-bars,"  read  before  the  American  Society  of  Civil  En- 
gineers, Jan.  21st,  1874,  submitted  sketches  of  certain  bars  intended 
for  the  anchorage  of  the  East  River  bridge,  which  had  been  exposed 
to  the  action  of  sulphuric  acid  a  sufficient  length  of  time  to  thoroughly 
cleanse  the  surfaces,  and  expose  the  condition  of  the  fibre.  These 
sketches  are  here  reproduced  for  the  purpose  of  illustrating  the  effect  of 
this  method  of  manufacture.  In  Figs.  1,  2,  and  3,  it  will  be  ob- 
served that  the  fibres  at  A,  and  E,  have  been  folded  back  upon 
themselves  and  otherwise  twisted  and  disturbed,  in  a  manner  not  cal- 
culated to  inspire  confidence  in  the  integrity  of  the  connection.  To 
compensate  for  this  defect,  a  large  excess  of  metal  is  thrown  into  the 
eye;  but  a  method  of  manufacture  which  involves  such  a  necessity, 
even  although  it  be  the  one  giving  the  best  results  thus  far,  all 
things  being  considered,  is  far  from  being  perfect. 

*  My  conclusions  are  based  on  statistics  taken  from  Stowell's  Petroleum  Re- 
porter of  Pittsburgh. 
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Dic-forgcd  bars,  Avhen  well  made,  are  more  uniform  in  the  dispo- 
sition of  material  about  the  pin-hole ;  but  the  extra  expense  involved 
in  the  manufacture,  practically  rules  them  out  of  the  market.  There 
are  die-forged  eye-bars,  so  called,  which  are  made  by  welding  an 
extra  piece  or  pieces  on  the  ends  of  bars,  and  hammering  into  the 
shape  of  an  eye ;  but  it  is  needless  to  say,  that  these  cannot  be  in- 
cluded in  the  category  of  tcell  made  eyes. 

By  neither  of  these  processes,  however,  has  it  been  found  possible 
to  make  uniformly,  good  steel  eye-bars;  and  it  has  been  due  to  this 
fact,  perhaps  more  than  any  other,  that  the  value  of  this  material, 
manifestly  so  much  better  suited  for  structural  purposes  than  iron, 
has  not  yet  been  fully  recognized  in  bridge  construction. 

The  want,  above  referred  to,  would  seem  to  have  been  met  by  an 
invention  recently  perfected  by  Mr.  Andrew  Kloman,  of  Pittsburgh, 
by  which  he  is  enabled  to  roll  either  steel  or  iron  eye-bars  direct 
from  a  billet,  without  upsetting  or  in  any  way  disturbing  the  con- 
tinuity of  the  material. 


Section  through  centre  of  I 


Fig:  I. 


Section  through  centre  of  hole 


The  machine  by  which  this  result  is  accomplished  is,  to  speak  in 
general  terms,  a  universal  roll  train,  so  arranged  that  the  lower  hor- 
izontal roll  can  be  raised  or  lowered  by  hydraulic  power  applied  to 
toggle-joint  connections  on  the  under  side  of  the  bearings.  The  upper 
roll  is  moved  by  screws  in  the  usual  way,  and  by  a  convenient  dis- 
position of  the  pitch  any  required  vertical  movement  can  be  secured 
by  revolving  the  gearing  a  given  number  of  teeth. 
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In  o])erating  the  machine,  a  billet  of  the  required  weight  to  insure 
proper  length  of  finished  bar,  is  first  rolled  into  the  form  indicated 
in  Fig.  4,  a  squeeze  being  given  at  each  reversal  of  the  rolls  by  first 
dropping  the  lower  roll,  then  screwing  down  the  upper  one  a  given 
amount,  and  then  forcing  the  lower  roll  back  into  its  normal  position 
in  which  the  arms  of  the  toggle-joints  are  vertical.  When  the  re- 
quired dimensions  of  the  body  of  the  bar  have  been  thus  obtained, 
the  unfinished  ends  are  reheated  and  rolled  into  the  flat  blanks  rep- 
resented on  the  left  extremity  of  Fig.  5,  by  passing  them  under  the 
rolls  at  right  angles  to  the  direction  in  which  the  bar  M^as  finished  : 
this  is  provided  for  in  the  arrangement  of  the  housings  opposite  the 
power  end  of  the  rolls.  The  finished  eye,  as  indicated  at  the  right 
end  of  Fig.  5,  is  finally  sheared  out  in  a  hydraulic  press.  As  might 
have  been  supposed,  the  operation  of  reheating,  and  cross  rolling  at 
the  ends,  renders  it  necessary  to  anneal  the  bar  after  the  eyes  have 
been  formed  ;  this  however  is  accomplished  at  very  slight  expense, 


Fig-  4' 


and  the  general  results,  so  far  as   may  be  known  at  present,  are 
highly  satisfactory. 

All  the  eye-bars  for  the  Glasgow  Bridge,  now  being  constructed 
over  the  Missouri  River,  at  Glasgow,  Mo.,  were  rolled  in  steel  by 
this  process  to  the  satisfaction  of  Gen.  W.  Sooy  Smith,  Chief  Engineer. 
As  the  entire  work  is  not  yet  complete  Gen.  Smith's  report  upon  the 
behavior  of  these  bars  under  strain  may  be  delayed  somewhat,  but 
that  the  chief  impediment  in  the  way  of  introducing  steel  as  tension 
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members  in  bridge  construction,  has  been  removed  by  ]\Ir.  Klo- 
man's  very  ingenious  contrivance  for  rolling  eye-bars,  can  no  longer 
be  seriously  doubted  ;  and  it  does  not  require  a  prophetic  inspira- 
tion to  i^rcdict  that  within  the  next  few  years  a  new  imiwtus  may  be 
given  to  the  production  of  steel  by  reason  of  an  increasing  demand 
for  structural  purposes. 

52  Wall  St.,  New  Yokk,  Feb.  IStb,  1879. 


TUE  LAKE  SUPEBIOB  COFFER  BOCKS  IN  FENN- 
SYLVAJSUA. 

BY  J.   F.   BLANDY,   PniLADELPHIA. 

In  October  la.st,  I  was  call  upon  to  examine  a  copper  deposit  in 
the  South  Mountain,  near  the  Pennsylvania  and  jSIaryland  bound- 
ary. Tlie  specimens  shown  me  contained  oxides  and  carbonates  with 
native  copper,  and  were  similar  to  some  that  had  been  described  to 
me  some  years  ago  as  existing  at  the  Luray  Gap  in  Virginia. 

An  examination  of  Rogers's  Report  on  the  Geology  of  Pennsyl- 
vania, led  me  to  expect  to  see  his  so-called  "Primal  Formation," 
such  as  exists  throughout  the  southeastern  district  of  the  State.  I 
was  therefore  much  surprised  on  arriving  at  the  summit  of  the 
Western  Maryland  Railroad  to  find  my.self  on  familiar  ground. 
Instead  of  the  "  Primal "  as  I  had  known  it  in  Southeastern  Pennsyl- 
vania, I  soon  decided  that  the  rocks  were  identical  with  the  "Lake 
Superior  Copper  Formation."  My  visit  was  unfortunately  a  short  one, 
— j)art  of  tv.-o  days,  and  in  that  time  I  had  to  pa.ss  over  a  good  many 
miles, — but  I  saw  sufficient  to  convince  me  that  instead  of  the  I^-ake 
Superior  Copper  Formation  being  a  local  geological  feature,  it  would 
have  to  be  considered  as  a  widely  extended  series  of  rocks.  I  was 
unable  to  even  approximately  estimate  the  thickness  either  of  the 
trap  zone  or  other  members,  schists  and  slates,  of  the  series. 

In  an  article  on  the  Copper  Range  of  Michigan,  prepared  by  C.  P. 
Williams  and  myself  in  1862,  and  published  in  vol.  xxxiv  of  the 
Amei-ican  Journal  of  Arts  and  Sciences,  we  endeavored  to  divide 
that  range  into  zones,  according  to  the  character  of  the  traps.  The 
limited  nature  of  the  explorations  at  that  time  made  this  work  very 
imperfect.     Subsequent  explorations  have  confirmed  my  notes  then 
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made,  but  at  tlie  same  time  have  added  so  much  information,  that  a 
much  better  subdivision  could  be  made  now,  and  other  zones  added 
to  the  list  then  given.  It  was  there  stated,  that  the  epidotic  traps 
(amygdaloids)  lay  nearest  to  the  base  of  the  range.  Since  then  a 
highly  ejjidotic  zone  has  been  found  nearly  overlying  the  great  cen- 
tral conglomerate  and  sandstone,  and  near  what  was  then  thouglit  to 
be  the  top  of  the  series. 

I  refer  to  these  points  from  the  fact  that  I  found  much  of  the 
traps  of  the  South  Mountain  to  be  very  epidotic  in  character,  and 
being  succeeded  by  schistose  and  slate  rocks,  I  judge  the  series  there 
exposed  to  belong  to  the  upper  part  of  the  formation. 

I  feel  that  it  would  be  absurd  to  attempt  to  established  any  par- 
allelism in  order  of  deposition  between  two  localities  so  far  separated, 
and  only  give  these  points  -for  what  they  may  prove  to  be  worth. 
Still  such  parallelism  may  be  possible.  Sections  across  the  two 
ranges  in  conjunction  with  other  formations  bear  a  much  better  com- 
parison, and  below  I  give  them  in  explanation. 


Sturgeon  Kiv 


IDEAL  SECTION  OF  TRAP  RANGEOF  LAKE  SUPERIOR.HOUGHTON  COU 


\  w   \ 

3N  COUNTY.        \ 


At  Lake  Superior  we  have  the  belts  of  traps  and  overlying  slates 
dipping  to  the  N.  W.,  with  the  Potsdam  Sandstone  lying  uucon- 
formably  on  the  upturned  edges  of  the  trap  to  the  southeast.  In 
the  valley  of  the  Sturgeon  River  are  two  knobs,  remnants  of  the 
Limestone  (II  of  the  Pennsylvania  Series).  At  South  j\Ioun- 
tain  we  have  the  traps  with  the  overlying  schists  and  slates  dipping 
to  the  S.  E.,  with  the  Matinal  slate  (III)  lying  unconformably  on 
the  upturned  edges  of  the  series  to  the  X.  W.  The  lowest  member 
of  the  series  in  South  Mountain  that  I  noticed  was  a  heavy-bedded 
sandstone.  This  may  be  the  equivalent  of  the  great  central  con- 
glomerate and  sandstone  of  the  Lake  Superior  range.  The  ujjper 
members  of  the  series  overlying  the  central  conglomerate,  are  but 
little  known  in  the  Lake  district,  as  they  are  to  such  a  large  extent 
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either  covered  by  the  watei*s  of  the  Lake  or  by  a  deep  deposit  of 
drift  material.  Much  that  has  been  written  of  them  is  conjecture, 
and  it  cannot  yet  be  proven  that  they  lessen  in  dip  towards  the  N. 
AV.,  iintil  they  become  horizontal  and  conformable  with  the  overlying 
PoUdam  Sandstone. 

This  upper  part  of  the  series  is  that  which  is  well  exposed  in  the 
South  ^fountain  ;  the  lower  i)art,  that  which  is  most  conspicuous  at 
the  Ivake,  is  here  hidden  by  the  overlying  limestone,  but  may  show 
itself  better  farther  southward.  How  far  to  the  north  and  south 
these  rocks  may  be  traced  becomes  an  important  question.  They 
undoubtedly  extend  as  far  north  as  Carlisle,  and  probably  southward 
to  North  Carolina,  in  a  continuous  belt.  The  separating  of  this 
series  from  the  "  Primal "  of  Rogers  may  enable  us  to  solve  many 
of  the  difficulties  which  have  puzzled  geologists  in  Southeastern 
Pennsylvania. 

In  this  connection  I  would  further  call  attention  to  a  statement 
set  forth  in  a  paper  on  "Topography"  by  me  and  published  in  Vol.  I 
of  this  society's  Transactions,  in  which, I  showed  that  the  S.  E.  side 
of  the  Lake  Superior  copper  range,  had  been  elevated  since  the 
Drift  period  some  300  to  400  feet,  causing  without  doubt  a  frac- 
ture at  the  base  of  the  ridge.  Can  there  be  any  coincidence  in  date 
between  this  fracture  and  those  immense  ones  known  to  exist  along 
the  line  of  the  valley  of  Pennsylvania  and  Virginia?  The  present 
Geological  Survey  of  Pennsylvania  will  in  time  give  us  some  light 
on  this  subject. 

I  will  iK)t  at  present  make  any  reference  to  the  copper  deposits  of 
South  Mountain,  hoping  to  do  so  at  another  time,  with  more  extended 
information. 

DISCUSSION. 

Dr.  T.  Sterry  Hunt  objected  to  Mr.  Blandy's  view  which  made 
the  cupriferous  rocks  of  the  South  Mountain,  south  of  the  Susquehanna, 
equivalent  to  the  Keweenian  series,  which  yields  the  native  copper  of 
Lake  Superior.  He  had,  in  1875,  spent  some  days  in  an  examination  of 
this  part  of  the  South  Mountain  in  company  with  Professor  Persifor 
Frazer,  Jr.,  and  had  briefly  described  these  rocks  in  1 876.  Mr.  Blandy's 
reasoning  was,  as  the  speaker  understood,  based  chiefly  on  the  rainer- 
alogical  resemblances  between  certain  greenstones  and  epidotic  rocks 
there  associated  with  copper  and  copper  ores,  and  the  rocks  accompany- 
ing the  native  copper  of  Lake  Superior.     From  his  familiarity  wdth 
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the  rocks  of  both  regions,  however,  the  speaker  expressed  the  opinion 
that  these  resemblances  were  but  superficial,  and  that  the  differences, 
even  from  a  lithological  point  of  view,  were  very  great.  These  Pennsyl- 
vanian  rocks  were  l)y  the  speaker  referred  to  the  Huronian  series,  and 
had  been  by  him  described  as  a  great  development  of  jietrosilex  or 
orthophyre,  often  porphyritic,  "  distinctly  bedded,  presenting  different 
varieties,  and  alternating  with  dioritic  or  diabasic,  epidotic  and  chlo- 
ritic  rocks  (greenstones),  and  with  argillites,  in  which  are  sometimes 
included  thin  beds  of  the  petrosilex;  the  strata  generally  dipping  at 
high  angles  to  the  southeast."    (Proc.  Amer.  Assoc.  Adv.  Sci.,  1876, 

p.  211.)° 

The  resemblances  between  these  indigenous  Huronian  greenstones, 
and  the  so-called  greenstones  and  melaphyres  of  the  Keweenian  series 
of  Lake  Superior  led  Logan  in  1848,  and  Rivot  in  1858,  to  con- 
found the  copper-bearing  series  of  Lake  Superior  with  the  Huronian 
rocks  of  that  region,  but  the  distinctness  of  tlie  two  was  pointed  out 
by  Whitney  in  1857,  and  confirmed  by  Kimball  in  1865.  Whitney, 
however,  failed  to  distingitish  between  the  Keweenian  and  the 
overlying  Paleozoic  sandstones,  called  Potsdam,  and  united  them 
in  one  group,  which  he  declared  to  be  stratigraphically  distinct 
from  the  underlying  crystalline  (Huronian)  rocks.  Later,  in  1873, 
however.  Brooks  and  Pumpelly  looked  upon  the  Keweenaw  rocks 
as  conformable  with  the  LIuronian,  and  probably  more  closely 
related  to  these  than  to  the  Potsdam.  The  speaker,  after  some  time 
spent  in  the  study  of  these  various  series  of  rocks  on  Lake  Superior, 
in  1872,  had  found  clear  evidences  of  astratigraphical  break  between 
the  Huronian  and  the  Keweenaw  series,  and  in  a  communication  in 
1873,  to  the  Institute  of  Mining  Engineers,  maintained  that  the 
source  of  the  copper  in  the  latter  was  to  be  found  in  its  solution 
from  the  copper-pyrites,  which  abounds  in  the  Huronian,  and  its  pre- 
cipitation among  the  materials  of  the  newer  series,  for  which  he  then 
claimed  the  rank  of  a  distinct  formation,  independent  alike  of  the 
Huronian  and  the  Potsdam,  and  proposed  for  it  the  name  of  the  Kewee- 
naw group.  (Trans.  Amer.  Inst.  M.  E.,  vol.  i,  pp.  339,  341.)  In 
1875,  Major  Brooks,  having,  apparently  independently,  reached  the 
same  conclusion,  announced  the  existence  of  a  stratigraphical  break 
between  the  Huronian  and  the  Keweenaw  series  (which  he  had 
shown  to  be  distinct  from. the  Potsdam),  and  proposed  for  it  the  name 
of  Keweenawian,for  which  the  speaker,  in  1876,  suggested  the  more 
euphonious  adjective,  Keweenian.  The  later  researches  of  the  Geo- 
logical Survey  of  Wisconsin,  by  Irving,  fully  confirm  these  conclu- 
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sions,  and  show  tliat  tlie  Lower  Cambrian  (Potsdam)  Sandstone, 
with  its  characteristic  fauna,  rests  horizontally  upon  the  upturned 
edges  of  the  Keweenian.  The  conglomerates  of  the  latter,  in  various 
localities  both  on  the  north  and  south  shores  of  LakeSuperior, abound 
in  the  ruins  of  tlie  Huronian  greenstones,  quartzites,  and  ciiloritic 
schists,  as  well  as  of  various  Laurentian  and  Montalban  rocks,  as  else- 
where described  by  the  speaker.  Boulders  of  the  characteristic 
petrosilex  rocks  already  noticed,  also  abound,  and,  as  at  the  Calumet 
and  Hecla,  and  the  Boston  and  Albany  Inines,  make  up  the  great 
mass  of  the  cupriferous  conglomerate  of  the  Keweenian.  The 
copper-bearing  rocks  of  the  South  Mountain  have  the  characters  not 
of  the  Keweenian,  but  of  the  Huronian  series. 

The  Keweenian  occupies,  in  the  opinion  of  the  speaker,  the  same 
geological  interval  as  the  Taconian  (Lower  Taconic,  Emmons),  repre- 
sented by  the  Primal  and  Auroral  strata  of  tlie  Great  Valley  in  Penn- 
sylvania, with  which,  however,  it  has  no  lithological  similarity,  and 
cannot,  in  the  present  state  of  our  knowledge,  be  correlated.  The 
copper  which,  in  the  form  of  sulphurets  and  silicates,  is  occasionally 
found  in  the  Taconian,  as  for  example,  at  the  Cornwall  and  Jones 
mines  in  Pennsylvania  (Trans.  Amer.  Inst.  M.  E.,  iv,  326),  was 
perhaps  derived  from  the  decay  of  the  pre-existing  Huronian  strata, 
and  a  similar  source  is  probably  to  be  assigned  to  the  copper  so  gen- 
erally disseminated  through  the  Mesozoic  strata  of  Eastern  Xorth 
America,  in  the  form  of  native  copper  or  of  rich  sulphurets,  as  copper- 
glance.  This  is  the  result  of  a  chemical  concentration  from  the  cuprif- 
erous pyrites  of  the  older  rocks,  from  which,  by  oxidation,  the  copper 
is  removed  in  a  soluble  form,  leaving  the  iron  behind  as  an  insoluble 
oxide. 

The  Pre-Cambrian  rocks  in  Wales,  to  which  Hicks  has  given  the 
name  of  Pebidian,  have  all  the  characters  of  the  Huronian.  The 
petrosilexes  which  in  North  America  the  speaker  had  included  in  the 
base  of  tlie  Huronian,  are  absent  in  several  localities  where  this  rests 
on  the  Laurentian,  leading  to  the  suspicion  of  a  want  of  conformity 
between  them"  and  the  great  mass  of  the  Huronian.  The  similar 
petrosilexes  in  Wales,  were  by  Hicks  at  first  united  to  the  underlying 
Dimetian  (Laurentian?)  gneisses,  but  from  late  evidence  obtained  in 
South  Wales,  Hicks  was  led,  in  1878,  to  separate  thehi  from  the 
rocks  above  and  below,  and  to  make  of  them  an  intermediate  group", 
stratigraphically  distinct  alike  from  the  underlying  gneisses,  and  the 
overlying  Huronian  (Pebidianj  greenstones  and  schists.  To  this  new 
series,  consisting  chiefly  of  petrosilex  rocks,  he  has  given  the  name 
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of  Arvoiiian.  The  speaker,  who  had  lately  examined  with  Hicks,  the 
principal  localities  of  Pre-Carabrian  in  Pembrokeshire,  Caernarvon- 
shire and  Anglesea,  regarded  the  Arvonian  as  the  equivalent  of  the 
petrosilex  rocks  of  the  South  Mountain  in  Pennsylvania,  of  Eastern 
Massachusetts  and  New  Brunswick,  of  Lake  Superior,  Wisconsin,  and 
Missouri.  The  Pebidian  of  Hicks  is  the  Huronian  of  the  Atlantic 
belt,  of  Lake  Superior,  and  of  the  Sierra  Nevada.  The  Montalban 
series,  represented  by  the  gneisses  and  mica-schists  of  Philadelphia 
and  New  York,  is  not  knftwn  in  Wales,  but  is  Avell  developed  on 
the  opposite  coast  of  the  Irish  Channel,  where  it  forms  the  Dublin 
and  Wicklow  hills,  along  the  southeast  coast  of  L'eland,  and  appears 
to  be  directly  followed  by  the  Lower  Cambrian  sandstones  and  slates. 

For  a  detailed  account  of  the  chief  points  involved  in  the  his- 
tory of  the  Keweenian  and  Huronian  rocks  the  speaker  referred  to 
his  Historical  Introduction  to  the  Study  of  American  Pre-Silurian 
Rocks,  published  in  1878,  by  the  Second  Geological  Survey  of 
Pennsylvania;  Report  E,  part  i,  pp.  70-80,  189-194,  219-241. 

Mr.  Blaxdy  said  he  did  not  base  his  argument  upon  the  presence 
of  epidote  in  the  traps  (only  referring  to  that  and  other  points  of 
comparison  for  what  they  might  prove  to  be  worth),  but  upon  the 
whole  section  of  the  formation,  and  the  large  development  of  the  trap 
rocks.  It  was  true  that  trap  occurred  in  the  Huronian,  but  almost 
always  in  the  form  of  dikes,  and  not  in  extensive  beds  as  at  the  South 
Mountain.  It  was  not  necessary  that  all  the  rocks  that  were  found 
in  the  South  Mountain  series  should  have  their  equivalent  at  Lake 
Superior.  The  two  points  were  so  far  apart  that  we  might  well 
expect  to  find  in  the  one  varieties  of  rock  which  would  not  be  found 
in  the  other. 

Professor  P.  Frazer,  Jr.  (At  a  subsequent  session). — In  the 
numerous  sections  which  accompany  Report  C  C,  1875  (Second 
Geological  Survey  of  Pennsylvania),  it  is  everywhere  clearly  shown 
both  in  the  text  and  in  the  graphic  illustrations,  that  the  Potsdam 
or  Primal  Formation  of  Rogers  is  wanting  over  all  that  country, 
with  the  exception,  perhaps,  of  detached  patches  on  the  N.  W.  flank 
of  the  South  Mountain  chain. 

The  following  few  extracts  may  serve  to  show  this  (C  C,  p.  278) : 
"  Description  of  a  route  over  the  South  Mountain  from  Petersburg 
io  Boiling  Springs."  The  rocks  here  encountered  were  "floating 
boulders  of  sandy  schist;"  "  jaspery  quartzite,  or  orthofelsite;"  "com- 
pact schists;"  "  a  sandy  greenish  laminated  I'ock  intersected  by  quartz- 
ite, the  layers  J  inch  thick;"  "crystalline  schist,  etc."    "This  would 
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seem  to  show  not  merely  a  non-conformability  between  the  older 
(Hnronian?)  orthofelsites  and  schists  and  tlie  more  recent  (Cambrian?) 
sandstone,  but  it  would  seem  additionally  to  imply  that  the  align- 
ment of  one  system  was  the  result  of  causes  entirely  different  from, 
and  anterior  to  those  that  formed  the  other." 

The  text  of  section  No.  8,  after  including  a  list  of  the  rocks  and  dips, 
among  which  the  Primal  is  nowliere  mentioned,  continues  (p.  284); 
"  This  section  presents  a  few  noticeable  features  which  serve  to  cor- 
roborate the  structure  as  interpreted  from  other  sections"  {i.e.,  that 
the  N.  W.  underlying  half  of  the  chain  consists  of  quartz  conglomer- 
ate schist,  and  the  overlying  eastern  half  of  orthofelsite  schists,  etc.) 

On  p.  285  occurs  the  following  language  (see  also  the  section) : 

"  Hence  it  is  apparent  that  the  great  South  Mountain  chain  is 
composed  essentially  of  two  groups  of  rocks,  the  lower  (and  along 
this  line  the  northwestern)  consisting  of  various  modifications  of  the 
quartz  conglomerate  above  spoken  of,  in  which  quartzite  occurs 
in  various  forms.  The  upper  and  southeasterly  group  is  felsitic  in 
character,  but  contains  also  large  beds  of  hydromica  and  chlorite 
schists,"  etc.,  etc.,  etc. 

So  in  Section  X,  near  Caledonia  Furnace,  p.  292 :  "  The  character 
of  the  rock  is  either  conglomerate  or  quartzite  for  nearly  five  miles. 
At  this  point  it  becomes  blue  in  color,  and  is  replaced  by  orthofelsite 
porphyry,"  etc. 

So  much  for  the  published  reports  of  the  survey  which  have  al- 
ready, in  the  most  emphatic  manner,  separated  the  South  Mountain 
series  from  the  Primal  of  Rogers.  In  Nos.  16  and  17,  vol,  iii  of 
the  PolytechniG  Review  (April  21st  and  28th,  1877),  is  an  article  by 
me  on  the  "  Copper  Ores  of  Pennsylvania,"  which  is  largely  con- 
cerned with  the  description  of  the  very  locality  referred  to  by  Mr. 
Blandy.  On  p.  159,  No.  16,  it  is  stated  :  "But  a  fiir  more  interesting 
series  of  occurrences  of  copper  ore  is  to  be  found  inside  the  eastern 
bounding  chain  of  the  South  Mountain,  and  extending  from  Millers- 
town  down  to  and  beyond  the  Maryland  line.  The  ore-belt  lies  in 
orthofelsite,  which  forms  this  portion  of  the  chain." 

Page  170,  No.  17,  sums  up  as  follows,  after  condensing  the  more 
important  conclusions  from  Owen's,  AVhittlesey's,  and  Shumard's 
reports  in  the  survey  of  Wisconsin,  Iowa,  and  Minnesota :  "  This 
descri})tion"  (of  the  Lake  Superior  Copper  Region)  "is  not  quite 
applicable  to  the  rocks  of  that  portion  of  the  South  Mountain  which 
we  have  been  considering,  and  yet  there  are  some  resemblances  which 
must  be  more  than  accidental.     Throughout  the  South  Mountain 
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range  (viewed  as  a  whole),  from  the  Chambersburg  turnpike  to  the 
Maryland  line,  we  have  an  area  of  trapezoidal  shape,  of  which  the 
larger  side  rests  on  the  above  turnpike,  and  the  shorter  on  the  State 
boundary.  The  rocks  of  this  region  may  be  divided  into  two  great 
series  :  a  western  (iinderli/ing),  of  which  the  characteristic  strata  are 
composed  of  quartzite  and  of  arenaceous  schist  containing  quartz 
pebbles  (*  Mountain  Creek  E,ock');  and  the  eastern  [overlying)  of  hy- 
droraica  and  chlorite  schists,  and  orthofelsite,  both  porphyritic  and 
unporphyritic.  Both  these  series  show  indications  of  having  been 
penetrated  by  dikes  of  plutonic  character  within  this  area.  The 
porphyry,  which  carries  the  copper  in  this  region,  shows  no  character 
of  igneous  action,  but  occurs  in  coarse  and  thin  beds,  more  or  less 
disintegrated,  and  in  certain  localities  reduced  almost  to  the  state  of 
kaolin.  Nothing  which  might  correspond  to  the  term  sandstone  was 
observed,  though  all  the  above  sediments  are  full  of  grit  and  sandy 

particles It  seems  fair  to  conclude  that  the  region  of  the 

copper-bearing  rocks  belongs  to  the  Huronian  cycle,  as  do  the  similar 
porphyries  in  Missouri,  and  on  Lakes  Superior  and  Huron,"  etc. 

I  have  quoted  thus  much  to  show  that  if  Mr.  Blandy  is  wrong 
in  supposing  the  copper  regions  of  the  South  Mountain  and  of  Lake 
Superior  to  be  of  the  same  age,  he  is  not  the  first  to  have  fallen  into 
that  error.  But  I  based  my  hypothesis  on  Dana's  statement 
{Manual  of  Geology,  1875,  p.  159),  as  I  have  never  been  in  that  re- 
gion. 

In  the  section  representing  the  structure  of  the  South  Mountain, 
and  appended  to  Mr.  Blandy's  paper,  there  are  several  points 
which  my  observation  has  failed  to  establish : 

1st.  The  indefinite  but  evidently  wide  extension  given  to  beds  of 
"  epidotic  traps." 

2.  The  occurrence  of  a  large  deposit  of  underlying  sandstone. 

3.  The  unconformable  (or  other)  contact  of  Matinal  slates  to  the 
N.  W.  and  above  the  limestone. 

4.  No  epidotic  or  ti'ap-rocks  have  been  noticed  by  me  near  the 
valley  where  the  Matinal  slates  are  said  to  lie  unconformably.  This 
portion  of  the  chain,  where  not  covered  by  a  decayed  sandstone  (as 
in  Col.  Weistling's  sand  quarry,  near  Mont  Alto),  consists  of  a  con- 
glomerate of  translucent  or  amethystine  quartz  in  a  matrix  of  bedded 
crystalline  schist. 

Mr.  Blandy  says,  "  They  (the  upper  part  of  the  series)  undoubt- 
edly extend  as  far  north  as  Carlisle,  and  probably  southward  to  North 
Carolina." 
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The  whole  wide  series  of  orthofelsites,  in  whieli  the  copper  belt 
lies  in  Southern  Pennsylvania,  seems  to  disappear  before  reaching 
the  Potomac.  A  section  along  that  river,  from  three  miles  west  of 
Harper's  Ferry  to  the  Point  of  Rocks,  made  with  Mr.  Hall  three 
years  ago,  failed  to  reveal  this  formation.  The  rocks  which  made 
Harper's  Ferry  are  of  the  "Mountain  Creek"  type,  the  chloritic 
schists  and  hydromicas  are  the  only  representatives  of  what  is, 
above  the  Maryland  line,  the  eastern  half  of  the  South  Mountain 
chain.  It  is  true  that  these  rocks  may  be  cupriferous,  but  the  writer 
does  not  know  this  fact. 

Dr.  T.  Sterry  Hunt  expressed  his  concurrence  with  the  views  of 
Prof.  Frazer,  MJth  whom  he  had  an  opportunity  of  examining  the 
rocks  of  the  region  in  (jue^tion,  and  referred  for  a  further  exposition 
of  his  opinions  regarding  them  to  the  remarks  which  he  made  in 
the  previous  session,  directly  after  the  reading  of  Mr.  Blandy's  paper. 


lyniCATOB  CAEDS  FBOMA  WATEB-PBESSUBE  BLOWING 

ENGINE,  WITH  A  NOTE  ON  A  PBOBOSED  UIPBOVE- 

MENT  IN  SUCH  ENGINES. 

BY  FRA:N"K  riRMSTONE,    GLENDON  IRON  WORKS,   EASTON,   PA. 

The  indicator  cards  shown  herewith  were  taken  by  the  writer  in 
June,  1877,  from  the  water-pressure  blowing  engine  of  the  Lougdale 
Iron  Co.,  at  Lucy  Selina. Furnace,  Longdale,  Virginia. 

A  description  of  this  engine  with  figures,  and  some  indicator 
cards,  was  published  by  Washington  Jones,  Esq.,  Superintendent  of 
the  I.  P.  Morris  Co.,*  in  the  Journal  of  the  Franklin  Institute  for 
May,  1877,  to  which  those  desiring  a  full  account  are  referred,  but 
for  convenience  the  principal  dimensions,  etc.,  are  given  below. 

The  machine  consists  of  a  pair  of  horizontal  direct-acting  blow- 
ing engines,  connected  at  right  angles  to  a  common  fly-wheel  shaft. 
The  blowing  cylinders  are  4  ft.  diameter  by  5  ft.  stroke;  the  water 
cylinders  were  18  in.  diameter  by  5  ft.  stroke  as  built.  Both  water 
and  blowing  cylinders  are  double  acting.  The  water  valves  are 
balanced  piston  valves,  18  in.  diameter,  moved  directly  by  eccentrics 
on  the  fly-wheel  shaft.  Great  care  was  taken  to  have  the  areas  of 
the  ports  and  passages  at  least  equal  to  the  area  of  the  working 
piston.     The  engine  is  set  about  14  ft.  above  the  tail-race,  and  the 

*  The  engine  was  built  by  tbe  I.  P.  Morris  Co.,  from  drawings  made  by  Messrs. 
Taws  and  Hartman. 
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BACK  END,  WATER  CYLINDER,  DOWN-STREAM  ENGINE 
Eevolutions  per  minute,  10  'a- 
Blast  pressure  3  to  S'j  lbs.  by  gauge. 
Mean  head  on  piston,  77.05  feet. 
Scale,  31.67  lbs  =1  In. 


Fig.  I. 


CRANK  END,  WATER  CYLINDER,  DOWNSTREAM  ENGINE 
Revolutions,  per  minute,  10^4 
Blast  pressure  3  to  SU  lbs.  by  gauge. 
Mean  bead  on  piston,  77.26  feet. 
Scale,  31.67  lbs 1  in. 


ATMOSPHERE 


Fig.  27 


BACK  END,  WATER  CYLINDER,  UPSTREAM  ENGINE 
Kevolutions  per  minute,  12. 
Blast  pressure  2^^  to  3  lbs.  by  gauge. 
Mean  head  on  piston,  75.88  feet. 
Scale.  31.67  lbs.=l  in. 


Fig.  3 


I 
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CRANK  END,  WATER  CYLINDER,  UPSTREAM  ENGINE 
Kevolutloiis  per  minute,  12'j. 
Bliust  pr&ssuro  by  gauKe,  2*a  to  3  lbs. 
Mean  head  on  piston,  72.38  feet. 
Scale,  31.67  lbs.=  l  in. 


Fig.  4 


BACK  END, BLOWING  CYLINDER,  UPSTREAM  ENGINE 
Eevolutioas  per  minute,  12. 
Pressure  of  blast  by  gauge,  23^  to  3  lbs. 
Mean  pressure  on  piston,  2.77  ibs.per  .sq.in. 
"        head       "       "      6.37  feet  of  water. 
Scale,  5.44  lbs.=l  in. 


Fig.  5. 


CRANK  END,  BL6WIN6  CVLINOeR,  DOWNSTREAM  ENOINB 
Revolutions  per  tninUte,  10. 
Pressure  ofblast  by  gauge,  3  to  3U  lbs. 
Mean  pressure  on  piston,  2.93  lbs. 
"  head     "       "      6.74  feet. 

Scale,5.441bs.— lin. 


Fig.  6. 
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exhaust  pipes  are  made  to  dip  into  the  water  in  it,  whereby  the 
whole  fall  is  utilized  ;  the  water  in  the  exhaust  pipes  acting  by  suc- 
tion, as  is  shown  by  the  exhaust  line  in  the  cards  falling  below  the 
atmospheric  line.* 

Soon  after  the  engine  had  been  set  to  Mork,  it  was  found  that  tlie 
useful  effect  was  higher  than  that  assumed  in  calculating  the  diame- 
ter of  the  water  cylinders,  and  that  the  desired  pressure  of  blast 
(three  pounds  per  square  inch)  could  be  obtained  with  smaller  cylin- 
ders, and  thus  the  volume  of  air  delivered  when  the  water  in  the 
stream  was  low,  be  correspondingly  increased. 

The  diagrams  were  taken  after  the  water  cylinders  had  been  re- 
duced to  15f  in.  diameter  by  bushing.  In  all  of  them,  the  throttle 
valve  on  the  pressure-pipe  was  wide  open.  Several  cards  were 
taken  from  both  ends  of  all  the  cylinders,  but  as  they  show  no  im- 
portant variation,  only  one  from  both  ends  of  each  water  cylinder, 
and  one  from  each  blowing  cylinder  is  shown  here. 

The  indicator  springs  were  tested  against  a  column  of  water,  and 
the  scale  thus  obtained  directly  in  feet  of  water.  The  corresponding 
pressures  have  been  calculated  by  taking  the  weight  of  a  cubic  foot 
of  water  as  62.5  pounds. 

The  total  head  available  has  been  assumed  in  all  the  diagrams 
as  77  ft.,  that  being  the  difference  of  level  between  the  water  in 
the  tail-race,  and  the  waste  trough  on  the  supply-tank,  but  as 
the  engine  ran  rather  irregularly,  because  of  the  furnace  being 
slightly  scaffolded,  the  water  sometimes  rose  three  or  four  inches 
over  this  trough  and  sometimes  fell  as  much  below  it.  77  ft.  is 
therefore  probably  a  little  too  high  in  the  cards  taken  at  12  revolu- 
tions and  somewhat  too  low  in  those  taken  at  10.  It  should  also  be 
noted  that  an  error  of  about  jj^-^  of  an  inch  in  measuring  the  mean 
height  of  a  card  from  the  water  cylinders,  would  result  in  an  error 
of  9  in.  in  the  corresponding  effective  head  on  the  piston. 

The  water  diagrams  show  that  the  action  of  the  valves  is  nearly 
perfect. 

Dividing  the  mean  effective  head  on  the  piston,  as  measured  on 
the  diagrams,  by  the  actual  difference  of  level  from  the  supply-tank 
to  the  tail-race,  we  get  the  efficiency  of  the  water  cylinder,  assuming 
that  there  is  no  leakage,  and  subject  to  the  errors  of  measurement 

*  This  arrangement  was  supposed  to  be  novel  when  the  engine  was  designed, 
it  was,  however,  patented  in  England  in  1799.  See  Ewbank's  Hydraulics,  page 
358.     Ed.  1842. 
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above  noted.  This  varies,  from  100  to  93.5  per  cent,  in  the  difrer- 
ent  cards,  or  in  other  words  there  is  little  loss  except  from  leakage. 

Unfortunately  I  had  no  time  to  gauge  the  water,  and  thus  deter- 
mine the  leakage.  I  would  suggest  to  any  one  who  may  put  up 
such  a  machine,  that  a  permanent  weir  be  placed  in  the  head  or  tail- 
race.  By  keeping  a  record  of  the  height  of  water  on  this  weir,  any  un- 
usual leakage  of  pistons  or  valves  could  at  once  bo  detected,  and  this 
in  the  long  run,  would  probably  pay  for  the  head  lost  by  the  weir. 
This  was  not  thought  of  when  the  supply-tank  for  the  Longdale 
engine  was  arranged,  and  numerous  springs  in  the  tail-race  pre- 
vented any  satisfactory  gauging  in  it. 

The  blowing  cylinder  cards  show  that  there  is  ample  inlet  area 
and  no  appreciable  loss  from  clearance  and  waste  room 

By  dividing  the  power  consumed  in  the  blowing  cylinder,  by  the 
power  developed  in  the  water  cylinder,  we  get  the  efficiency  of  the 
machine,  the  loss  being  the  friction. 

Strictly  speaking  the  two  cards  compared  should  be  taken  simul- 
taneously. Having  only  one  indicator  with  me,  I  could  not  do  this, 
but  have  selected  diagrams  in  which  the  speed,  and  the  blast- pressure, 
as  shown  by  the  blast-gauge,  were  as  nearly  as  possible  the  same. 

In  this  way  the  efficiency  of  the  machine  is  found  to  vary  from  77 
to  84  per  cent  ,  or  a  mean  of  about  80,  and  the  useful  effect  of  the 
water,  neo-lecting  leakairc,  from  100  x  80  to  93.7  x  80,  or  from  75  to  80 
per  cent.  About  20  per  cent,  of  the  whole  power  therefore  is  lost 
in  friction,  which  seems  excessive. 

The  al)Ove  figures,  although  only  approximate,  show,  as  w?s  to  be 
expected,  that  the  water-pressure  engine  is  a  very  advantageous  ap- 
paratus when  high  falls  have  to  be  utilized  for  blowing  machinery. 
When  arranged  as  the  Longdale  engine  is,  they  have,  however,  one 
serious  drawback,  viz.:  they  are  not  adapted  to  give  a  varying  blast- 
pressure  economically.  By  bushing  the  Longdale  cylinders,  we 
made  it  impossible  to  blow  more  than  about  three  pounds  pressure 
of  blast,  no  matter  how  desirable  this  might  be  by  reason  of  any  de- 
rangement of  the  furnace,  even  when  there  was  plenty  of  water  in 
the  stream  to  do  it,  without  diminishing  the  number  of  strokes  of  the 
engine  per  minute  below  the  minimum  due  to  the  least  supply  of 
water  in  the  stream,  and  the  15|  inch  cylinders. 

One  remedy  for  this  inconvenience  was  proposed  by  Robert  Briggs, 
C.  E.,  in  the  Journal  of  the  Franklin  Institute  for  July,  1877,  con- 
sisting in  abandoning  the  direct-acting  engine  for  a  beam  engine, 
whereby  the  stroke  of  the  water  cylinder  coukl  be  made  variable. 
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and. thus  the  water  consumed  per  stroke,  and  the  pressure  of  blast 
be  correspondingly  altered,  without  altering  the  stroke  of  the  blow- 
ing-piston. It  seems  possible,  however,  at  least  within  moderate 
limits,  to  retain  the  direct-acting  engine,  and  accomplish  the  same 
result,  by  the  use  of  a  properly  designed  variable  cut-oflf. 

If  the  water  be  cut  off  before  the  end  of  the  stroke,  and  at  the 
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same  instant  the  exhaust  be  opened,  the  engine  will  complete  its 
stroke  (if  the  fly  wheel  be  heavy  enough)  without  further  expendi- 
ture of  water — that  displaced  in  front  of  the  piston  flowing  into  the 
other  end  of  the  cylinder  to  fill  the  void  which  the  piston  would 
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;g^^^  Piston  moves  in  this  direction 


Fig.  8. 


otherwise  leave  behind  it  (Fig.  7).  Mr.  John  Maddock,  Superin- 
tendent of  Machinery  at  the  Glendon  Iron  Works,  suggested  to  the 
writer,  that  this  could  easily  be  accomplished  with  piston  valves, 
by  making  the  pistons  movable  on  the  valve  stem,  by  means  of  right 
and  left  hand  screws  or  other  similar  contrivances.  The  theoretical 
diagram  for  the  Longdale  engine,  arranged  to  work  by  that  means 
to  three-fonrths  of  the  full  cylinder  capacity  (which  would  have 
produced  the  same  results,  if  applied  to  the  18  in.  cylinders,  as  was 
accomplished  by  15f  in.  bushings)  is  shown  in  Fig.  8. 
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In  fact,  by  moving  the  valve  pistons  apart,  we  give  a  certain 
amount  of  lap  to  the  valves,  and  at  the  same  time  an  equal  amount 
of  inside  clearance.  As  the  eccentrics  are  set  without  ang-ular  ad- 
vance,  if  the  water  be  cut  off  at  |  of  the  stroke,  the  inlet  will  not  be 
opened  again  until  ^  of  the  next  stroke  is  completed,  thus  reducing 
the  length  of  the  cylinder  to  be  filled  with  water  by  ^.  (Figs.  7  and 
8.)  Unfortunately,  if  we  preserve  full  port  openings  when  cutting 
off,  this  plan  requires  a  very  great  travel  for  the  valve — about  27  in. 
for  ports  4h  in.  wide,  cutting  off  at  ^  stroke.  The  use  of  excessively 
large  eccentrics  could  be  avoided  in  double  engines  connected  at 
right  angles,  by  moving  the  valves  of  each  engine  off  the  cross-head 
of  the  other,  bat  double  beat  valves,  moved  by  cams,  would  proba- 
bly prove  better  than  piston  valves  in  any  event,  for  although  the 
water-passages  cannot  be  made  as  direct  as  with  piston,  or  other 
forms  of  slide  valves,  this  would  probably  entail  no  serious  loss,  if 
care  be  taken  to  have  them  of  sufficient  area,  and  with  a  cam  mo- 
tion there  is,  theoretically  at  least,  no  difficulty  in  cutting  off  at  any 
point  in  the  stroke.  There  would  be  no  danger  of  leakage  from 
unequal  expansion  with  such  valves  working  in  water,  and  I  feel 
certain  that  they  would  be  much  tighter  than  piston  valves  giving 
equal  inlet  area. 

Discussion. 

In  reply  to  a  question  of  Mr.  Holley  about  the  weight  of  the  fly 
wheel  required  if  the  cut-off  was  used,  Mr.  Firrastone  replied  that 
he  had  made  no  calculations,  but  should  judge  that  four  or  five  tons 
would  be  heavy  enough  for  the  Longdale  engine,  cutting  off  at 
seven-eighths  stroke.  Mr.  Holley  mentioned  that  in  a  steel  rail 
mill  with  engine  46  in.  X  4  ft.,  and  60-ton  fly-wheel,  it  had  been 
noted  that  it  took  117  horse  power  to  run  the  engine  with  train  un- 
coupled. This,  however,  was  abnormally  high,  due  perhaps  to  the 
shaft  being  slightly  out  of  line. 

In  reply  to  a  question  as  to  valves,  Mr.  Firmstone  replied  that 
there  had  been  no  difficulty  with  sticking,  the  water  keeping  them 
at  a  uniform  temperature. 

Mr.  E.  D.  Leavitt,  Jr.,  said  :  At  the  Calumet  and  Hecla  mine 
we  reduced  the  power  required  for  the  air  compressors  when  their 
full  capacity  was  not  required  by  means  of  a  set  of  valves  on  the 
air  cylinders,  which  were  operated  by  cams  in  such  a  manner  that 
compression  did  not  commence  until  a  part  of  the  stroke  had  been 
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performed.     A  similar  device  would  answer  for  the  water-pressure 
blowing  engine. 

In  regard  to  the  power  required  for  fly  wheels,  we  have  at  the 
Hecla  mine  a  line  of  heavy  shafting,  driven  by  a  large  compound 
engine,  on  which  there  is  one  20-ton,  one  15-ton,  and  one  11-ton  fly- 
■wheel,  a  friction-wheel  weighing  7  tons,  four  friction-pinions  of  2 
tons  each,  and  an  8-feet  pulley  of  4  tons.  Some  60  feet  of  the  shaft- 
ing is  12  inches,  and  40  feet,  9  inches  diameter.  The  indicator 
cards  from  the  engine,  when  running  at  full  speed  with  all  the  shaft- 
ing on,  averaged  48  horse  power — actually  42§  horse  power  at  54 
revolutions  per  minute  as  the  average  of  cards  taken  October  26th, 
1878. 


NOTE  ON  THE  BETEBMINATION  OF  SILICON  IN  PIQ  IRON 

AND  STEEL. 

BY  DR.  TH03IAS  M.    DROWN,  LAFAYETTE  COIiLEGE,   EASTON,  PA. 

In  experimenting  in  connection  with  Mr.  P.  AY.  Shinier  (now 
chemist  of  the  Thomas  Iron  Company,  Hokendauqua,  Pa.)  on  methods 
for  the  determination  of  silicon  in  pig  iron,  in  order  to  find  one 
which  should  be  accurate  and  yet  give  results  in  a  few  hours,  I 
have  adopted  the  following  procedure,  which,  as  far  as  my  experi- 
ence goes,  leaves  nothing  to  be  desired. 

About  one  gram  of  pig  iron  or  steel  is  treated  in  a  platinum  or 
porcelain  dish  with  25  cubic  centimeters  of  nitric  acid  (sp.  gr.  1,  2). 
When  action  has  ceased,  25  to  30  culiic  -centimeters  of  dilute  sul- 
phuric acid  (one  of  acid  and  three  of  water)  are  added,  and  heat  a])- 
plied  until  the  nitric  acid  is  nearly  or  quite  driven  off.  The  heat  of 
a  water-bath  is  sufficient,  though  the  process  may  be  hastened  by 
heating  higher  on  a  sand-bath.  Water  is  then  cautiously  added  (as 
soon  as  the  free  sulphuric  acid  is  sufficiently  cool)  and  the  contents 
of  the  dish  heated  until  the  crystals  of  ferric  sulphate  are  completely 
dissolved.  The  solution  is  then  filtered  as  hot  as  possible,  the  residue 
washed  first  with  hot  water,  then  with  25  to  30  cubic  centimeters  of 
hydrochloric  acid  (sp.  gr.  1,  12),  and  finally  with  hot  water.  After 
drying  and  igniting,  the  silica  will  be  found  to  be  snow-white  and 
granular. 

The  following  are  some  results  obtained  by  this  method  compared 
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(in  some  instances)  with  the  older  method  of  treatment  with  nitric 
acid,  evaporation  to  dryness,  heating  to  150°  C.  for  several  hours,  dis- 
solving out  the  iron  in  hydrochloric  acid,  and  filtering  off  from  the 
in.-^oluble  residue,  which  is  dried  and  ignited,  and  the  resulting  impure 
silica  fused  with  alkaline  carbonates. 

The  letters  denote  different  samples  of  pig  iron. 


Per  Cent,  of  Silicon. 

A 

B 

C 

D 

E 

F 

G 

Bessemer  steel. 

Old  method            

2.64 
2.70 
2.68 
2.81* 

2.46 
2.47 
2.47 
2.47 

1.45 
1.63 
1.62 
1.65 

1.65 

1.53t 

1.51t 

1.51t 

1.631 

1.6ot 

1.651 

.672 
.676 
.672 
.672 

New  method,  1 

2 

3 

"          "         4     

1.13 
1.18 

1.66 
1.68 
1.72 
1.70 

2.50 
2.50 
2.50 

2.47 
2.46 

"          "        5 

6 

*  Not  washed  with  hydrochloric  acid. 

t  In  these  analyses  hydrochloric  acid  was  used  after  the  addition  of  nitric  acid,  and 
was  not  completely  driven  off. 
%  Hydrochloric  acid  was  used  for  solution  instead  of  nitric  acid. 

Some  incidental  results  obtained  in  developing  this  process  have 
enough  interest  to  be  worthy  of  record.  Treatment  of  pig  iron  with 
concentrated  sulphuric  acid,  heating  till  fumes  arise,  diluting  with 
water,  and  filtering  after  all  action  has  ceased,  gives  a  silica  which 
is  seldom  pure,  and  yet  the  results  are  considerably  too  low. 

Treatment  with  dilute  sulphuric  acid  and  evaporation  till  the  acid 
fumes  in  the  air,  then  filtering  after  dilution,  gives  occasionally  re- 
sults which  are  accurate;  but  this  method  is  uncertain,  depending 
on  the  fineness  of  the  borings  and  character  and  composition  of  the 
pig  iron.  The  silica  obtained  is  seldom  white.  The  following  are 
some  results  obtained  in  this  way : 


Per  Cent,  ok  Silicon. 

A 

B 

C 

D 

Old  method 

1.02 
1.05 
1.05 
1.05 

1.64 
1.73 
1.69 
1.70 

2.64 
3.00 
2.98 
2.97 
3.01 

3.85 

3.88 
3.91 

New  method,  1 

2 

"         '•         3 

"          "          4 
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Treatment  in  platinum  dishes  gave  very  slightly  lower  results 
than  porcelain  dishes. 

If  after  treatment  with  dilute  sulphuric  acid  the  solution  is  filtered 
off  from  the  residue  without  concentration  of  the  acid,  it  is  found  that 
about  one-half  of  the  silicon  is  in  the  solution  and  the  other  half  in 
the  residue;  when  nitric  acid  is  used  and  the  solution  filtered  off 
as  soon  as  all  action  has  ceased,  it  is  found  that  about  two-thirds  of 
the  silicon  is  in  the  solution  and  one-third  in  the  residue;  and  with 
hydrochloric  acid,  about  one-third  goes  into  solution  and  two-thirds 
remains  in  the  residue.  It  is  not  probable  that  there  is  any  precise 
ratio  existing  between  the  amount  of  silicon  dissolved  and  the  amount 
in  the  residue  in  the  case  of  any  one  of  the  acids,  the  ratio  being 
doubtless  variable  and  depending  on  the  concentration  of  the  acid, 
the  time  of  action,  and  the  temperature;  yet  the  marked  difference  in 
the  action  of  the  three  acids  in  this  respect  is  interesting. 

The  washing  with  hydrochloric  acid  of  the  residue  obtained  by 
the  action  of  nitric  and  sulphuric  acids  on  pig  iron  is  in  most  cases 
necessary.  Thus  there  was  obtained  from  a  pig  iron  when  water 
only  was  used  for  washing,  2.67  per  cent,  of  silicon  against  2.52  when 
washed  wMth  hydrochloric  acid;  and  in  another  sample,  2.10  per 
cent,  against  1.70  per  cent. 

Although  the  results  obtained  with  hydrochloric  acid  for  the  origi- 
nal solution  of  the  iron  show,  as  far  as  the  experiments  go,  as  good 
results  as  those  obtained  with  nitric  acid,  yet  I  prefer  the  nitric  acid 
treatment  on  account  of  the  silica  obtained  being  compact  and  granu- 
lar, while  the  use  of  hydrochloric  acid,  and  also  of  sulphuric  acid 
alone,  yields  a  silica  which  is  light  and  flaky. 

Easton,  Pa.,  February,  1879. 
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SKETCHES  OF  THE  NEW  MINING  DISTRICT  AT  SULLI- 
VAN, MAINE. 

BY  C.    "W.  KEMPTON,   MINING  ENGINEER,    WEST  SULLIVAN,   MAINE. 

If  New  EiiirlaiKl  were  located  iu  some  distant  and  almost  inae- 
cessible  region,  there  is  no  doubt  that  its  mineral  resources  would 
have  been  ere  this  well  developed  and  generally  acknowledged,  but 
laboring  under  the  disadvantage  of  nearness,  it  has'been  neglected. 
Its  surface,  moreover,  is  not  cut  up  by  mountains  and  canons,  and 
the  remnants  of  many  of  the  old  ridges  are  extensively  covered  by 
glacial  drift. 

Having  for  the  past  ten  months  been  engaged  in  the  development 
of  a  mineral  district  in  Southeastern  Maine,  I  would  take  this  op- 
portunity to  lay  before  the  Institute  sketches  of  results,  and  try  to 
give  some  idea  of  the  formations  as  found. 

The  Sullivan  Mining  District  extends  from  the  town  of  Franklin, 
through  Hancock,  Sullivan,  and  Gouldsborough,  from  northwest  to 
southeast,  about  sixteen  miles.  A  general  idea  of  this  locality  may 
be  gathered  from  tlie  map  accompanying.   (Fig.  1). 


A."ame"  Shaft. 

B.  Sullivan     *'     _ 

C.  Stimpion    " 

D.  WaulLeag   " 

E.  Brook  " 

F.  A'Uey       " 
G,''Gould£'borougTiV 
H.  Guptni'sYein.- 


Fig.  I. 

Sullivan  Mining  District. 
Hancock  County.  Maine.'' 

Scale,  \  i;.  '  ^  "  "         •'' 

''^C  Slates.  _  '^ 


r{m<mr(mm''mi  vi^■=^rVc 


Sullivan  is  situated  at  the  head  of  Frenchman's  Bay,  ten  miles 
north  from  Bar  Harbor,  Mount  Desert,  twelve  miles  from  Ellsworth, 
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and  thirty-seven  miles  from  Bangor.  It  may  be  reached  in  summer 
by  steamer,  via  Rockhmd  and  Bar  Harbor,  and  has  good  liotel 
accommodations.  A  daily  mail  stage  connects  with  Ellsworth  and 
Bangor  at  all  times  of  the  year. 

The  staple  production  of  Sullivan  is  granite,  of  which  unlimited 
quantities  of  very  fine  quality  may  easily  be  obtained.  At  first  im- 
pression a  stranger  would  say  that  no  other  rock  existed  there,  but 
further  examination  discloses  the  fact  that  the  region  has  more  slate 
than  granite,  and  that  along  or  near  the  line  of  their  contact  are 
most  of  the  mineral  veins  of  the  district.  The  lithological  character- 
istics of  the  surface  are  shown  on  the  map.  The  slates  of  the  region  are 
quartzitic,  of  unknown  age,  undoubtedly  very  ancient,  and  referred 
to  the  later  Laurentian — the  limbo  to  which  most  of  the  doubtful 
New  England  rocks  are  consigned.  Through  these  have  been  thrust 
the  immense  mass  of  granite  and  its  allied  rocks,  from  which  action 
has  proceeded  the  formation  of  the  principal  mineral  deposits. 

The  first  discovery  of  silver  ores  here  was  made  by  Mr.  A.  A. 
Messer,  in  May,  1877.  They  were  discovered  below  high-water 
mark,  on  the  shore  of  the  bay,  at  the  site  now  occupied  by  the  shaft 
of  the  "Sullivan"  mine.  The  vein,  when  found,  showed  about  ten 
inches  of  quartz,  carrying  pyrites,  galena,  and  traces  of  brittle  silver 
(stephanite). 

A  coffer  dam  was  built  and  shaft  commenced.  The  first  native 
silver  threads  were  found  about  ten  feet  down.  The  vein  was  uncov- 
ered in  several  other  places,  also  below  high-water  mark,  proving 
that  the  showing  at  the  shaft  location  was  the  poorest  yet  found. 
Seventy-five  feet  from  the  shaft,  southeasterly,  the  quartz  is  four  feet 
wide  at  three  feet  below  the  beach,  and  the  lowest  assay  I  have 
known  from  this  is  over  §200  per  ton  in  silver.  The  ore  is  principally 
stephanite. 

Proceeding  with  the  shaft,  at  about  thirty  feet  depth,  the  vein, 
composed  of  quartz,  with  more  or  less  slate  highly  impregnated  with 
sulphides,  was  found  to  be  four  feet  wide.  At  this  time  the  shaft  is 
about  100  feet  deep.  Drifts  have  been  run  62  feet  southeast  from  the 
75  feet  level,  and  30  feet  northwest  from  the  85  feet  level.  Sections 
showing  the  formation  of  the  vein,  and  to  some  extent  the  nature  of 
the  ore,  are  given  in  Figures  2  to  9  inclusive.  About  600  tons 
of  ore  are  on  the  surface  ready  for  concentration.  The  ore  is  essen- 
tially silver,  sulphides  and  native,  in  quartz  and  slaty  gangues,  with 
slight  amounts  of  iron,  zinc,  etc.,  as  sulphides,  and  also  galena. 
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Of  the  silver  mineralf;,  stromeyerite  is  most  plentiful,  ste|)liaiiite 
next,  argentite  (silver  glance),  common,  native  silver  in  flukes  very 
plenty,  threads  frequent,  lun)ps  occasional. 


Figures  2  to  5. 

Sections  of  Vein,     Sullivan  Mine,     85  ft.  level. 
Down  River  Drift. 

Scale,  6  feet  to  an  inch.  Views  looking  S.  E. 


36  ft.S.E.from  Shaft. 


Note.  All  these  varieties  carry  silver, 
but  the  proper  ores  are  Nos.  1  to  6.  in- 
cluded.  No.  S.isablueish  slat;/  quartzite, 
often  very  rich  in  Argentite  and/lake  silver 


Sl.ft.S.E.fronx  Shaft. 


JAgatized  quartz,  &  clay.- 

2.,',  Slate  &  quartz,- (conglomerate.) 

3.  °.°;  Quartz  &  heavy  sulphides  .- 

i..;.::.-:  Quartz  &  silver  sulphides,- 

("Conistock"  ore.-) 
5.'V;,  .'Blue  Slate"  of  vein.- 

6.  ■;«;  Partly  altered  country  slates.- 

7.  Black  b.ands,  clay  streaks.- 


45.ft.S.E.from  Shaft. 


62.ft.S.E.from  Shaft. 

Rti.-.lUVBtr»lWr.,Er,c''i  S'-T. 


Ruby  silver  is  exceedingly  rare ;  antimonial  silver  has  been  found. 
The  occasional  yellow  copper  sulphide  met  with  has  a  peculiar 
lustre  and  runs  very  rich  in  silver. 
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As  stated  above,  the  course  of  the  vein  is  from  northwest  to  south- 
east, with  the  strilve  of  the  slate  running  parallel  to  the  Hue  of 
contact  of  the  granite.     The  vein  is  in  the  slate,  dipping  at  an  angle 


Figures  6  to  9. 

Sections  of  Vein,     Sullivan  Mine,     85  ft.  level 
Up  River  Drift. 

Scale,  6  feet  to  an  inch.  Views  looking  X.  W. 

'  ^  Afratized  quartz,  &c. 
2'  *  *  CoDglomerate. 

3.  ^\  Quaru  and  heavy  sulphides, 

4.  :"•.■-;  Quartz  and  silver  sulphides. 
ia/^^  Semi-crj'stalline  quartz  and  grey  silver  ore, 

5.  ;'v,'  Blue  slate  of  vein. 

6.  jJ'-N  Partly  altered  country  slates. 

7.  Black  bands,  clay  streaks. 


10>^  ft.N.W.from  Shaft. 


KM  ft.N.W.from  Shaft. 


25Ji  ft.N.W.fi-om  Shaft. 


32.ft.N.W.from  Shaft. 

BusmU  li  Stmthera.Eng's  N.Y. 


of  70°  from  the  horizon,  northeasterly,  toward  the  granite,  which 
it  probably  reaches  in  less  than  a  thousand  feet.  The  slate  also 
dips  toward  the  granite  at  this  place  about  37°   from  horizontal, 
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although  at  some  other  places  not  more  than  12°.     (See  sketch, 
Fig.  10.) 


Quartzitic  Slates. 


Fig.  10. 

Section  on  a-b, Figure  II. 

Scale,  800  ft. to  an  inch. 

Showing  theoretical  formation 
of  fhe  Sullivan  Vein. 

„i:->c.  P Sullivan  Mine. 


J^vX 


■Granite. 


BuskU  Si  Strelbrrs.Eixi:'*  S.Y. 


At  the  contact  of  the  slate  and  granite,  the  latter  often  penetrates 
the  bedding  of  the  slate,  in  known  instances  nearly  200  feet.  The 
granite  is  much  cut  up  by  dikes  of  black  trap,  which  also  run  into 
the  slate,  faulting  the  vein  in  several  places.  A  sketch  of  dikes  and 
faults  is  shown  in  the  map.    (Fig.  11). 


Fig.  II. 

Vicinity  of  the  Sullivan  Mine. 

Scale,  IJi  inches  to  a  mile. 

Line  of  contact,  Granite  &  Slates. 

___     Trap  Dykes. 

——      Quartz  Vein,  in  Slates. 

A.  SuDivan  Shaft. 

B.  Stimpson      " 

C.  "Waukeag      "• 

D.  Brook  " 

E.  ^Ishley  "" 


K-.vill  4  Slmtlti..  Em 
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The  geological  sequence  of  the  formations  appears  to  be,  com- 
mencing with  the  oldest : 

Quartzite  slates. 

Granite,  and  silver  vein  in  slate. 

Trap. 

Quartz  veins  in  granite  and  syenite. 

The  general  line  of  fissure  of  the  Sullivan  vein,  passing  north- 
west under  the  bay  about  three  miles,  strikes  the  shore  at  the  Cline 
shaft,  shown  in  section  in  Fig.  12.     Here,  owing  to  some  local  dis- 


Fig.l2. 

Cline  Shaft.Hancock, Maine. 

Scale,16  ft.to  an  incli. 
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turbances,  the  vein  is  deflected  more  westerly  and  cuts  directly  across 
the  slates,  by  which  action  it  has  been  split  up  into  no  less  than 
nine  veins,  dipping  to  meet  within  four  hundred  feet  of  the  surface. 
The  shaft  is  sunk  on  Xo.  3  vein,  this  appearing  to  be  the  main 
branch,  and  has  reached  the  junction  of  No.  4  at  about  60  feet 
from  the  surface,  as  shown. 
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The  ore  here  is  copper  pyrites,  galena,  etc.,  at  the  surface  assay- 
inti;  well  for  silver,  and  a])pears  to  carry  gold  and  silver  in  form  of 
telhirides  at  a  depth  of  60  feet.     Average  assays  about  .^20  per  ton. 

Beturning  to  the  Sullivan  mine,  and  passing  southeast  a  few 
hundred  hct,  we  come  to  the  Stimpson  shaft,  which  has  struck  the 
vein,  well  developed,  at  a  depth  of  64  feet.  About  five  hundred 
feet  further  southeast  the  vein  is  faulted  by  a  large  dike  of  black 
trap.  Beyond  this  it  continues  in  a  direction  more  easterly,  and  is 
accompanied  for  a  portion  of  its  length  in  the  next  700  feet,  by 
a  heavy  quartzitic  band,  nearly  25  feet  wide,  carrying  arsenical 
iron.  This  iron  gives  a  show  of  gold,  and  in  some  cases  gives  an 
assay  for  silver.  The  vein  proper  is  highly  decomposed,  and  ha,s 
not  yet  been  fairly  developed.  The  sketch  (Fig.  13)  gives  a  section 
across  this  formation,  about  650  feet  beyond  the  large  dike,  easterly. 


Figure  13. 

Formations  at  Waukeag  Property, 

Sullivan,  Maine. 

Scale,  16  feet  to  an  inch.    Section  looking  S.  E. 
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The  vein  beyond  this  is  faulted  and  deflected,  and  next  worked 
at  the  Brook  shaft,  so  called,  a1)out  half  a  mile  east,  and  also  at  the 
Ashley  shaft,  some  hundreds  of  yards  from  the  Brook.  Fig.  14 
gives  an  idea  of  the  formations  at  these  two  shafts,  their  height 
being  referred  to  high-tide  level.  In  the  Brook  shaft  some  telluride 
ore  has  occurred,  but  not  enough  in  quantity  to  enable  the  mineral 
to  be  identified.  It  carries  both  gold  and  silver.  In  the  Ashley 
the  same  occurred,  sparingly,  and  sulphides  carrying  $25  to  S30 
per  ton  in  gold  and  silver  have  been  found  at  the  present  bottom 
of  shaft. 

No  further  developments  have  been  made  on  this  vein  and  its 
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connections,  but  some  nine  miles  southeast,  in  Gouldsborough,  two 
veins  have  been  struck  in  the  syenite,  which  bid  fair  to  become  of 
value.  "G"  on  the  map  (Fig.  1),  the  "Young"  mining  property,  is 
a  galena  vein,  with  strike  northwesterly  and  southeasterly,  or  about 
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Hard  black  slates. - 

\  Black  Limy  slates.- 


High  Water  leveU 


Ordinary  Tides. 


Fig.  14. 

Brook  &.  Ashley  Shafts. 
Sullivan,  Maine. 

Scale,  32  feet  to  an  Inch. 
View  looking  N.  W. 
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parallel  with  the  Sullivan  vein.  "H"  is  made  up  of  galena  and 
copper  sulphides,  the  surface  ore  assaying  quite  rich  in  silver.  The 
strike  is  nearly  north  and  south.  Both  these  veins  dip  nearly  per- 
pendicularly. 

Less  than  a  year  has  sufficed  to  demonstrate  the  existence  of 
strong  fissure  veins  in  this  district,  carrying  high-grade  ores,  and  to 
give  every  assurance  of  their  permanency  and  value.  As  has  been 
stated,  the  level  surface  of  the  country,  covered  with  drift  gravel, 
makes  prospecting  a  slow  matter,  and  there  is  no  reason  why  there 
should  not  exist  many  mineral  deposits  in  the  Sullivan  district  as 
good  or  better  than  those  already  discovered. 
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DISCUSSION  OF  BB.  CIIABLES  B.  DUDLEY'S  PAPEBS   ON 

STEEL    BAILS,   BEAD   AT    THE    LAKE    GEOBGE 

MEETING,  OCTOBEB,  1877.* 

Remarks  of  Mr.  Robert  AV.  Hunt,  General  Superinten- 
dent, Albany  and  Renssela  er  Iron  and  Steel  Coa[pany.  ,  Troy 
N.  Y. — In  discussing  Dr.  Dudley's  two  most  interesting  papers,  I  feel 
a  natural  liesitancv  in  disagreeing  with  conclusions  formed  after  such 
careful  and  conscientious  work.  But  I  think  he  has  made  his  de- 
ductions from  too  meagre  premises.  The  analyses  of  but  twenty-five 
samples  are  entirely  too  fewto  justify  the  establishment  of  soimportant 
a  formula.  When  we  consider  that  he  indirectly  proposes  to  regulate 
an  interest  amounting,  even  at  the  present  low  prices,  to  over  -$20,- 
000,000  per  annum,  we  may  well  hesitate  before  accepting  a  formula 
based  upon  the  chemical  and  physical  analyses  of  but  twenty-five 
steel  rails. 

Dr.  Dudley  touches  the  keynote  in  referring  to  the  proposed  labors 
of  the  Government  Test  Commission.  They  based  their  hopes  of 
attaining  success  upon  the  chemical  and  physical  analyses  of  a  very 
large  number  of  samples,  and  in  the  only  branch  of  investigation 
which  the  short-sighted  policy  of  Congress  has  allowed  them  to  com- 
plete, i.e.,  chain  cables,  we  find  that  a  dozen,  twenty -five  or  one  hun- 
dred tests  gave  no  satisfactory  results.  It  was  only  after  many  hun- 
dreds that  they  were  enabled  to  draw  conclusions. 

There  are  so  many  circumstances  bearing  upon  the  life  of  a  rail, 
that  the  task  of  extracting  a  correct  result  seems  herculean.  I  pre- 
sume I  am  right  in  stating  that  in  our  Northern  latitudes  early  winter 
and  spring  months  witness  the  breaking  of  the  gteatest  number  of 
rails,  thus  seeming  to  prove  that  an  unstable  road-bed  has  much  to 
answer  for.  Then,  again,  broken  and  flattened  \vheels  must  be  taken 
into  account,  but  I  am  convinced  that  more  rails  have  been  broken 
by  the  treatment  which  they  received  before  leaving  the  rolling-mill 

*  The  remarks  of  the  participants  in  this  debate  have  been  written  out  by  the 
speakers,  and  are  here  given  without  any  attempt  to  retain  the  order  of  the  dis- 
cussion. While  the  report  does  not,  therefore,  preserve  the  vigor  and  spontaneity 
of  the  debate,  it  is  believed  that  it  gains  in  value  by  giving  the  matured  views  of 
the  speakers.  The  continuation  of  this  discussion  at  the  Pittsburgh  Meeting, 
May,  1879  (beginning  with  remarks  of  Mr.  Cloud  on  page  401),  is  appended  fur 
convenience  of  reference. — T.  M.  D.,  Sec'y. 
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thau  from  any  other  cause.  I  allude  to  the  injury  inflicted  upou 
them  ill  the  cold-straightening  press,  where  each  blow  of  the  gag 
forms  a  wedge  of  particles  of  steel  ])ressing  upon  surrounding  ones, 
and  thus  serving  to  rend  the  rail  asunder. 

I  am  certain  that  of  all  the  broken  steel  rails  that  I  have  seen,  fully 
75  per  cent,  have  been  ruptured  at  a  gag-mark.  So  well  recognized 
is  this  cause  of  breakage  that  the  Troy  Works  and  others  have  spent 
large  sums  in  introducing  machinery  to  more  perfectly  hot-straighten 
the  rails,  and  thus  leave  less  work  for  the  cold-press.  While  I  admit 
that  Dr.  Dudley's  physical  analyses  show  a  difference  between  the 
broken  and  crushed  and  the  unbroken  and  uncrushed  rails,  I  am  not 
prepared  to  accept  these  results  as  coming  entirely  from  the  chemical 
properties  of  the  metal.  If  I  mistake  not,  seven  of  the  twenty-five 
samples  are  from  crushed  rails.  May  not  these  failures  have  been 
caused  by  mechanically  imperfect  bars,  piped  ingots,  or  some  other  me- 
chanical defect?  Then,  again,  the  possibility  of  the  steel  having  been 
overheated  in  the  rail  rollino'-mill  must  not  be  ignored,  for  it  is  well 
known  that  the  same  steel  worked  at  different  temperatures  will  af- 
terward yield  widely  differing  physical  results.  We,  who  have  to 
encounter  the  difficulties  of  manufacture,  know  how  many  and  vexa- 
tious they  are  in  their  physical  as  well  as  chemical  forms.  Objecting 
to  the  assumption  of  a  formula  based  upon  such  limited  research,  I 
propose  to  offer  in  lieu  thereof  a  practice  covering  several  years, 
under  which  many  hundreds  of  thousands  of  rails  have  been  manufac- 
tured. If  the  actual  wear  of  these  rails  has  been  and  is  satisfactory, 
may  we  not  assume  that  the  formula  of  manufacture  cannot  be  far 
wrong? 

The  life  of  the  Bessemer  process  covers  but  a  few  years,  and  in  that 
limited  time  wonderful  changes  have  taken  place.  Only  some  six  or 
seven  years  ago  iron  containing  20  per  cent,  manganese  was  called 
ferromanganese,  and  was  difficult  to  obtain.  It  is  now  largely  made 
with  74  to  84  per  cent,  manganese.  In  those  days  the  ordinary  spie- 
geleisen  used  in  rail  manufacture  had  but  from  6  to  10  per  cent,  man- 
ganese, and  was  very  high  in  phosphorus.  It  was  generally  accepted 
as  a  rule  that  rail  steel  must  be  soft ;  hence,  while  using  this  low-grade 
Spiegel,  the  steel  was  low  in  both  carbon  and  manganese,  and  when 
the  carbon  and  manganese  were  increased  the  percentage  of  phos- 
phorus also  went  up.  The  percentage  of  second  quality  or  defective 
rails  at  this  time  was  verv  large  at  all  the  works,  and  remained  so 
until  better  and  richer  spiegel  was  obtained.    Bessemer  steel  makers 
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were  some  time  discovering  it;  l)ut  the  fact  is  established  that,  as 
the  percentage  of  phosphorus  is  increased  so  also  must  be  the  man- 
ganese, or  the  steel  will  work  badly. 

I  do  not  believe  that  any  maker  can  give  Dr.  Dudley's  company 
steel  based  upon  his  formula  at  the  price  now  ruling  for  rails.  I 
know  that  a  mill  attempted  to  make  five  hundred  tons  for  them  ac- 
cording toit,and  while  doing  so  made  over  10  per  cent,  of  defective  rails. 

This  production  of  second  quality  rails  has  an  interest  for  the  con- 
sumer as  well  as  the  producer ;  for  if  the  steel  is  working  so  unsoundly, 
some  rails  must  pass  the  closest  inspection  containing  undiscovered 
flaws,  which  in  the  track  will  develop  into  "  soft  spots,"  "  black 
spots,"  split,  crushed,  and  broken  rails. 

I  fear  I  made  some  of  the  steel  which  has  given  such  bad  results 
on  the  Pennsylvania  Railroad,  and  so  feel  all  the  more  at  liberty  to 
point  to  other  rails  which  have  and  are  giving  far  more  satisfactory 
results. 

The  Troy  Works,  while  the  first  to  assume  practical  work  in  this 
country,  had  also  the  advantage  of  using  for  many  years,  in  fact  until 
late  in  1874,  the  most  approved  brands  of  English  hematite  irons,  and 
while  using  these  irons  as  the  base  for  their  mixtures,  were  enabled 
to  carefully  experiment  with  American  irons  without  .the  risk  of  un- 
duly deteriorating  the  quality  of  their  steel.  Most  of  the  other  works 
in  this  country  were  compelled  to  commence  with  untried  American 
irons.  Both  pig-iron  makers  and  steel  makers  have  had  many  a 
lesson  to  learn.  I  may  be  mistaken,  but  I  will  venture  the  opinion 
that  at  least  six  out  of  the  twelve  rails  given  by  Dr.  Dudley  in  his 
table  as  neither  breaking  nor  crushing  in  service,  were  foreign  rails. 
I  refer  to  the  use  of  English  irons  by  the  Troy  Works  not  by  way 
of  drawing  invidious  comparison,  but  as  a  historical  fact. 

But  in  those  early  days  they  were  afraid  of  hard  steel,  and  as  the 
color  test  for  carbon  was  unknown,  they  were  compelled  to  rely  upon 
physical  tests  to  judge  of  the  steel's  hardness.  So  I  find  soft  steel 
was  the  rule  at  Troy  up  to  1871.  In  that  year  a  different  policy 
was  adopted,  and  has  since  been  continued.  The  formula  for  work 
on  rail  steel  may  be  briefly  stated  to  aim  at  .36  per  cent,  carbon  ; 
phosphorus  and  sulphur  as  low  as  possible,  and  only  manganese 
enough  to  assure  sound  steel,  the  low  phosphorus  of  the  Lake  Cham- 
plain  irons  making  this  attainable  with  a  moderate  percentage.  By 
way  of  showing  the  practical  results  of  the  two  policies,  I  propose 
presenting  some  data  gathered  from  rails  in  use  on  the  Boston  and 
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Albany,  New  York  Central,  and  Erie  railroads.  I  select  these 
roads  as  being  trunk  lines,  whose  tonnage  and  grades  would  be  about 
the  same  as  the  Pennsylvania  Central.  I  am  unable  to  state  the 
number  of  tons  which  have  passed  over  the  respective  rails,  knowing 
only  the  length  of  time  they  have  been  in  the  tracks. 

The  officers  of  several  roads  have  kindly  furnished  me  drillings, 
■which  have  been  analyzed  by  Dr.  August  Wendel,  chemist  to  the 
Albany  and  Rensselaer  Iron  and  Steel  Company.  Physical  tests 
were  impossible,  as  the  rails  are  still  in  service,  unbroken  and  un- 
crushed. 

Of  fourteen  samples  from  one  road,  the  average  carbon  was  found 
to  be  .355  per  cent.,  the  rails  having  been  made  since  1871,  and  being 
now  little  worn  after  from  five  to  six  years' service.  An  official  report 
from  one  road  gives  the  percentage  of  breakage  to  the  2000  bars  for 
one  year  as  one  broken  Troy  rail  against  two  and  two  and  a  half  rails 
of  foreign  makers,  laid  side  by  side.  An  official  report  of  another 
road  mentions  Troy  1873  and  1874  rails  as  comparing  favorably 
with  any  steel  on  the  road,  while  of  "G.  T."  rails,  or  rails  made  at 
Troy  in  1868,  and  known  to  be  of  low  carbon,  the  report  says, 
"  have  seen  eight  broken  rails  in  less  than  one  mile  on  summit  grade." 

To  the  Boston  and  Albany  road,  87,198  bars  or  23,460  tons,  have 
been  furnished.  Of  these,  9917  bars  were  furnished  before  the  car- 
bon standard  was  increased,  and  of  4986  of  them,  or  about  one-half, 
a  special  record  has  been  kept.  They  show  a  breakage  in  nine  years 
of  .28  per  cent.,  while  the  other  82,212  bars,  including  the  remaining 
4931  bars  of  low-carbon  steel,  show  a  breakage  of  but  .08  per  cent., 
covering  a  life  in  the  track  of  from  one  to  eight  years.  Analyses 
were  made  from  eight  samples  taken  as  drillings  from  some  of  the 
1869steel,  which  has  shown  the  .28  percent,  breakage.  The  carbons 
were  found  to  be  :  .21,  .20,  .19,  .19,  .22  .21,  .22,  .21  per  cent.  Two 
fuller  analyses  of  the  steel  gave :  carbon,  .21 ;  silicon,  .022  ;  phospho- 
rus .116  ;  manganese,  .241 ;  and  carbon,  .22  ;  silicon,  .037  ;  phospho- 
rus. .08  ;  manganese,  .250.  This  steel  was  all  taken  from  the  main 
track  hst  season  and  put  in  sidings,  owing^  to  its  being  so  much  worn, 
most  of  it  having  been  originally  laid  on  curves.  The  carbon  in  six 
samples  from  rails  made  since  1871  ran  from  .30  to  .39  per  cent., 
having  an  average  of  .35  per  cent.  No  rails  furnished  this  road  have 
been  crushed.  Accepting  for  a  moment  Dr.  Dudley's  formula  for  calcu- 
lating what  he  calls"  phosphorus  units,"  these  six  samples  gave  an 
average  of  40.9  units.     Two  rails  were  found  which  have  been  in  the 
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track  nearly  five  years  and  are  now  in  perfect  condition,  tluit  show 
an  average  of  52.2  phosphorus  units,  one  of  them  containing  .469 
per  cent,  silicon.  Let  nie  here  doubt  the  correctness  of  Dr.  Dudley's 
statement:  "As  to  silicon,  the  less  the  better,"  particularly  as  he 
continues:  "  Nevertheless,  as  by  the  Bessemer  process  it  is  impossible 
to  make  rails  entirely  free  from  silicon,  a  small  limit  must  be  allowed, 
for  it.  As  the  process  is  ordinarily  .worked,  perhaps  .04  per  cent, 
will  not  be  too  high  a  limit" — thus  leading  to  the  supposition  that 
steel  made  by  other  processes  would  be  certain  to  contain  less  of  tiiis 
element  and  that  it  is  rank  poison  to  rail  steel.  This  is  a  position 
to  which  I  must  take  most  decided  exception.  I  have  devoted  much 
time  and  thought  to  the  effect  of  silicon  on  steel,  and  have  become 
fully  convinced  that  it  is  a  desirable  element,  like  many  other  good 
things,  requiring  to  be  used  with  judgment,  and  also,  like  some 
other  blessings,  frequently  called  upon  to  shoulder  sins  not  its 
own.  Certainly  it  is  now  well  established  that  silicon  gives  sound- 
ness to  steel  in  pouring,  and  without  a  sound  casting  the  production 
of  a  perfect  steel  bar  is  a  matter  of  serious  difficulty.  That  Dr. 
Dudley  is  wrong  in  assuming  it  to  have  one-half  the  same  effect  as 
phosphorus  "  in  rendering  a  steel  hard  and  brittle"  is  proven,  I 
think,  by  the  following  analyses :  For  a  sample  of  hoe  steel,  which 
was  perfectly  satisfactory  to  the  manufacturers  and  made  by  the  cruci- 
ble process.  Dr.  Wendel  found  silicon,  .185  per  cent.;  in  another 
sample,  .158;  in  another,  .150;  in  another,  .249.  In  a  fork  steel 
he  found  silicon,  .241  ;  in  another,  .204.  In  Jenks's  spring  steel 
the  silicon  was  .145;  in  auother  sample  of  the  same  brand  the 
silicon  gave  .150.  In  Greeves's  spring  steel  the  silicon  was  .110. 
Other  spring  steels  gave  him  silicon,  .237,  .252,  .180,  .182. 
In  a  steel  used  for  machine  screws  the  silicon  was  .223.  In  a 
sword  steel  used  'by  a  celebrated  manufactory  he  found  .258  per 
cent,  silicon.  A  German  scythe  steel  used  by  one  of  the  best-known 
makers  in  this  country, — a  brand  he  has  used  for  thirty  years, 
considering  it  better  than  any  other  attainable,  he  found  silicon  .127. 
An  axe  steel  gave  .270.  Park  Bros,  "black  diamond"  steel,  which 
at  the  time  the  analyses  were  made  was  .selling  at  14|  cents,  contained 
silicon  .220,  .204  and  .216.  In  cutlery  steels,  .210,  .255,  .207, 
.147,  and  .229  per  cent,  silicon  was  found.  Jessup's  die  steel  had 
silicon  .285.  In  a' propeller  casting  made  by  Vicker's  Sons  &  Co., 
and  sent  by  them  to  this  country  as  a  sample  of  good  metal  for  its 
purpose,  there  was  .380  per  cent,  silicon.  Some  months  ago,  when 
discussing  the  possibilities  of  the  Bessemer  process  with  one  of  the 
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best  known  scientists,  engineers,  and  crucible  steelmakers  of  this 
country  he  differed  with  me  as  to  some  of  my  propositions,  and  taking 
me  into  his  testing-room,  picked  out  a  piece  of  steel  which  had  been  ex- 
perimented with,  and,  causing  the  test  to  be  renewed,  exhibited  to  me 
a  most  magnificent  piece  of  metal,  showing  fine  qualities  both  before 
and  after  tempering,  saying  in  conclusion  :  "  My  dear  friend,  when 
you  can  produce  such  steel  as  that  in  your  Bessemer  converter,  we 
crucible  people  will  shut  up  shop."  Of  course  I  could  only  stand 
awe-stricken,  and  at  last,  with  returning  courage,  beg  a  piece  for 
analysis,  which  gave  results  as  follows :  carbon,  .86  ;  phosphorus, 
.016;  manganese,  .195;  and  silicon  .306!  If  Dr.  Dudley's  phos- 
phorus-unit theory  is  correct,  the  quality  of  the  steel  would  have 
been  the  same  had  the  analysis  given  silicon,  .008  ;  phosphorus,  .153. 
I  do  not  believe  any  steelmaker  will  indorse  that  supposition.  An 
analysis  of  some  Bessemer  steel  made  in  Rhenish  Prussia  gave  car- 
bon, .19;  manganese,  .47;  phosphorus,  .083;  sulphur,  .007;  copper, 
.165;  and  silicon,  .811.  This  steel,  which  according  to  Dr.  Dudley 
would  contain  66  phosphorus  units,  is  represented  as  being  very 
soft  and  weldins;  with  crreat  ease — so  much  so  that  it  was  used  with 
success  as  a  welded  steel  head  to  an  iron  base  for  rails. 

The  analyses  above  given,  with  the  exception  of  the  Prussian  soft 
Bessemer  and  of  the  propeller-blade  steel,  are  of  steels  made  by  the 
crucible  process,  from  samples  collected  with  great  pains  from  the 
consumers  using  them,  and  pronounced  by  them  satisfactory  for 
purposes  where  brittleness  would  be  fatal.  I  am  far  from  saying 
that  silicon  does  not  affect  the  tempering  qualities  of  steel ;  but  we 
do  not  temper  rails.  Neither  do  I  advocate  putting  .469  per  cent, 
of  silicon  in  rail  steel.  Still,  as  already  stated,  there  is  a  rail  in 
service  on  one  of  the  principal  railroads  of  this  country  which  has 
been  in  the  main  track  for  nearly  five  years,  which  has  not  crushed 
or  broken,  and  shows  but  little  w^ear,  containing  that  percentage  of 
silicon  with  .36  per  cent,  carbon,  and  .571  per  cent,  of  manganese, 
to  say  nothing  of  its  phosphorus,  which  happens  to  be  .124  per  cent. ! 
If  Dr.  Dudley  is  right,  that  rail  ought  to  have  broken  some  four 
years  and  eight  months  ago. 

For  the  reasons  before  given,  I  believe  in  putting  enough  manganese 
in  the  mixture  to  make  certain  of  a  sound  working  steel,  and  no  more. 
But  I  know  that  a  piece  of  steel  test  bar,  containing  phosphorus 
.10,  carbon  .35,  and  manganese  1  per  cent.,  will  bend  around  double, 
but  exhibit  much  greater  stiffness  than  had  the  manganese  been  less. 

In  treating  more  directly  of  Dr.  Dudley's  second  paper,  I  must  only 
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refer  to  much  that  I  luive  ah-eady  said :  and  alluding  to  Mr.  W.  H. 
Brown's  report  that  "the  rails  of  higher  carbon  are  giving  poorer 
wear  than  before  the  lower  limit  of  carbon  was  raised,"  I  must  pass 
this  over  as  not  being  supported  by  any  authenticated  analyses.  For 
the  fact  of  the  great  service  of  the  crucible  steel  rails  of  presumably 
high  carbon  which  were  placed  in  the  tracks  of  several  roads  many 
years  ago  remains,  thus  seeming  to  suggest  some  other  reason  for  the 
poor  wear  of  these  supposed  high  carbon  rails  on  the  Pennsylvania 
Railroad. 

As  already  said  of  Dr.  Dudley's  proposed  formula  for  a  perfect 
rail,  so  also  of  the  analysis  given  by  him  in  his  paper  of  the  rail 
containing  carbon,  .270;  phosphorus,  .10;  silicon,  .020;  manganese, 
.259;  sulphur,  .051 ;  and  copper,  .025, 1  can  only  say  that  such  steel 
cannot  be  made  by  the  ordinary  Bessemer  process  without  making 
unsound  steel,  and  so  endangering  a  large  percentage  of  the  rails  in 
defiance  of  the  closest  inspection. 

In  conclusion,  I  must  say  that  I  have  yet  to  be  convinced  that  the 
Troy  practice  is  wrong,  and  only  trust  Dr.  Dudley  will  continue  his 
researches,  so  that  if  he  is  right  it  may  be  proven  by  many  analyses, 
and  if  wrong  he  may,  as  I  know  he  will,  say  so. 

As  Mr.  Shinn  has  stated  for  his  company,  I  will  say  for  the  works 
which  I  represent,  we  also  want  the  investigation  to  go  on;  but  we 
do  not  want  premature  conclusions.  If  Dr.  Dudley  has  been  mis- 
understood, and  has  not  intended  to  present  his  investigations  as  con- 
clusions, he  must  blame  himself,  for  his  paper  was  presented  to  the 
Institute  as  being  permitted  "by  the  kindness  of  the  officers  of  the 
Pennsylvania  Railroad  Company,"  it  having  been  originally  written 
as  a  report  to  that  company  ;  and  in  concluding  the  report  he  says : 
"  I  M'ould,  therefore,  respectfully  recommend  that  the  following  for- 
mula be  prescribed  for  the  chemical  composition  of  rails  for  the  use 
of  the  Pennsylvania  Railroad,  viz.,  etc."  Hence  it  was  perfectly 
natural  for  other  railroad  officials  to  accept  that  formula  as  the  one 
approved  by  the  Pennsylvania  Railroad  Company,  and  I  believe  that 
they  as  well  as  Dr.  Dudley  considered  the  whole  question  settled. 

From  this  view  of  the  case  a  Tennessee  Railroad  objected  to  some 
rails  that  a  Pennsylvania  mill  was  furnishing  them,  because,  as  they 
put  it,  "it  is  found  that  the  proper  formula  is  so  and  so,"  quoting 
the  one  given  by  Dr.  Dudley. 

In  his  paper  I  find  this :  "  But  in  view  of  the  liability  to  acci- 
dent which  a  broken  or  crushed  rail  may  occasion,  I  think  no  one 
will  claim  that  a  rail  which  has  broken  or  crushed  in  service  should 
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be  classed  among  good  rails,  even  though  its  tonnage  may  entitle  it 
to  be  so  rated." 

But  Dr.  Dudley  now  objects  to  my  making  broken  rails  a  promi- 
nent point  in  the  discussion.  If  it  is  a  false  object  of  attack,  he  cer- 
tainly presented  it.  Still  if  he  now  insists  that  it  is  crushed,  and  not 
broken  rails  which  are  so  frequent  on  the  Pennsylvania  Railroad,  I 
can  only  again  refer  to  the  report  of  the  officers  of  the  Boston  and 
Albany  Railroad,  in  which  it  is  stated  that  of  the  many  thousands 
of  Troy  rails  which  they  have  in  their  tracks  not  one  has  crushed,  and 
only  .09  per  cent,  broken.  And  if  as  he  says  many  of  the  rails  on 
the  Pennsylvania  road  crush  in  the  middle,  while  the  ends  remain 
intact,  I  must  claim  that  it  supports  my  theory  of  mechanical  de- 
fects. If  the  chemical  character  of  the  steel  alone  caused  it  to  crush 
in  the  middle  of  the  rail,  what  kept  that  crushing  from  extending 
throughout  its  whole  length  ?  I  must  insist  that  no  phosphorus- 
unit  theory  can  be  established  on  as  limited  an  investigation  as  Dr. 
Dudley  has  yet  made,  particularly  when  I  have  presented  in  my 
paper  fuller  data  which  seem  to  disprove  his  deductions.  But  he 
has  done  a  good  thing  in  bringing  about  so  much  discussion  as  to 
what  constitutes  a  good  rail,  and  good  fruit  will  yet  be  gathered. 

He  expresses  himself  as  being  gratified  by  the  kindness  with  which 
he  has  been  treated  in  this  discussion.  I  do  not  think  he  should 
wonder  at  this,  for  my  reading  does  not  show  me  that  when  Mucius 
thrust  his  rio-ht  hand  into  the  o-jowino-  fire,  a  sino;le  one  of  his  ad- 
miring  countrymen  spoke  an  unkind  word  to  him. 

W.  R.  Jones,  Edgar  Thomson  Steel  Works,  Pittsburgh,  Pa.— In 
this  discussion  I  feel  disposed  to  sustain  Dr.  Dudley  in  most  of  the 
theories  he  has  advanced  in  his  excellent  paper  on  steel  rails  and 
their  composition,  and  am  free  to  say  that  his  position  in  this  matter 
has  generally  been  misunderstood. 

The  Pennsylvania  Railroad  authorities  having  had  in  their  track 
rails  that  gave  excellent  wearing  results  and  rails  that  gave  very 
poor  results,  naturally  were  anxious  to  ascertain  the  diiference,  chemi- 
cally and  physically,  of  the  two  classes  of  rails,  and  after  carefully 
testing  them  both.  Dr.  Dudley  presents  a  formula  based  on  the  re- 
sults of  his  careful  researches;  and  although  the  number  of  tests 
made  are  unfortunately  too  small  to  carry  that  conviction  that  a 
larger  series  of  tests  would  do,  I  for  one  will  admit  that  rails  made 
according  to  Dr.  Dudley's  formula  will  be  good  rails,  and  the  fact 
that  miles  of  such  rails  are  in  the  Pennsylvania  Railroad  track,  and 
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liave  <>ivcn  and  are  giving  the  very  best  results,  is  proof  conclusive 
of  the  correctness  of  this  formula. 

Dr.  Dudley  does  not  claim  for  his  formula  that  the  relation  of  cer- 
tain proportions  of  carbon,  silicon,  and  manganese  to  phosphorus  is 
the  only  correct  one,  but  in  this  specific  case  he  uses  the  formula  to 
show  that  rails  made  in  accordance  with  it  have  given  good  results. 

On  fii'st  examination  of  the  sketches  showing  the  sections  of  the 
rails  that  did  not  give  good  results,  I  was  led  to  believe  that  the 
cause  of  their  failure  was  due  to  what  is  termed  "split  ends;"  but 
after  traversing  over  a  mile  of  the  road  with  Dr.  Dudley,  I  discov- 
ered a  large  number  of  rails  that  were  sound  at  the  ends  and  very 
defective  in  the  middle,  and  any  number  that  were  bad  all  over.  So 
the  assertion  that  has  been  made  that  Dr.  Dudley  has  condemned 
rails  simply  on  account  of  "split  ends  "  will  not  hold. 

From  my  exj)erience,  and  I  believe  in  this  Dr.  Dudley  will  agree 
M'ith  me,  I  think  that  putting  manganese  in  the  ratio  of  5  to  1  of 
phosphorus  is  too  low.  I  should  think  that  placing  manganese  at 
about  7  or  8  to  1  of  phosphorus  would  be  nearer  the  mark,  and  I 
have  made  rails  with  a  total  of  forty  phosphorus  units  which,  ac- 
cording to  Dr.  Dudley's  formula,  would  indicate  that  the  rails  were 
too  hard  for  safety,  but  they  showed  in  the  testing  machine  twenty- 
five  per  cent,  elongation,  and  stood  a  remarkably  good  drop  test, 
being  subjected  to  a  weight  of  1600  pounds  falling  24  feet,  resting 
on  bearings  36  inches  from  centre  to  centre  without  sign  of  fracture, 
showino;  that  the  material  was  tough  and  strons;. 

Eminent  French  metallurgists  place  silicon  as  3|-  to  1  of  phos- 
phorus, so  that  while  Dr.  Dudley's  formula  may  be  applicable  to  one 
class  of  steel,  yet  I  believe  and  know  that  steel  rails  containing  as 
high  as  .20  per  cent,  of  phosphorus  can  be  made  that  will  give 
the  very  best  results. 

Colonel  De  Funiak,  engineer  of  the  Louisville  and  Nashville 
Hoad,  tells  me  that  the  high  phosphorus  rails  from  Terrenoire, 
France,  in  use  on  their  road,  have  given  the  very  best  results,  and  so 
well  was  he  pleased  with  these  rails  that  he  seriously  thought  of 
having  American  rails  made  in  accordance  with  the  Terrenoire  for- 
mula, viz. :  high  phosphorus,  high  manganese,  and  low  carbon. 
Manganese  is  no  doubt  the  corrective  agent  of  an  excess  of  phos- 
phorus and  sulphur,  and  is  as  necessary  to  the  steel-maker  as 
calomel  to  the  old-school  physician. 

Now  my  friend,  Mr.  R,.  W.  Hunt,  who  made  a  great  many  of 
those  bad  rails  that  the  Pennsylvania  Company  complain  of,  will 
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admit  with  the  light  thrown  on  steel  making  since  they  were  made, 
that  by  lowering  the  carbon  and  raising  the  manganese  fully  fifty 
per  cent.,  these  rails  would  have  given  far  better  results. 

AYhat  I  wish  to  particularly  impress  on  the  members  of  the  In- 
stitute, is  that  there  is  a  well-defined  formula  by  which  steel  can  be 
made  containing  as  high  as  .20  per  cent,  of  phosphorus,  with  proper 
proportions  of  manganese  and  carbon,  tliat  will  give  as  good  results 
in  wear  and  safety  as  those  made  in  accordance  with  Dr.  Dudley's 
formula.  I  will  say  this  from  my  experience  in  steelmaking,  that 
were  I  located  west  of  the  Ohio,  where  high-phosphorus  iron  is  used, 
I  would  not  purchase  a  pound  of  ordinary  spiegel,  but  would  use 
ferrojiianganese  in  order  to  make  a  safe  and  durable  rail.  That  this 
formula  is  not  as  well  known  to  the  rail-steel  maker  as  it  should  be, 
is  due  to  the  selfish  and  conservative  character  of  the  steelmakers 
themselves.  Each  one,  after  developing  a  new  and  correct  theory 
and  practice  of  steelmaking,  locks  the  secret  in  his  breast  for  fear 
he  may  never  be  able  to  get  another.  A  full  and  open  discussion  of 
this  matter  among  the  steelmakers  would  develop  a  large  amount 
of  concealed  information  ;  but  unfortunately  there  is  no  such  disposi- 
tion existing. 

I  cannot  agree  with  Dr.  Dudley  in  considering  the  tests  made 
on  the  Thurston  testing  machine  as  final  in  regard  to  the  char- 
acter of  the  steel.  The  Thurston  torsion  machine,  like  all  machines 
in  existence  (excepting  the  Government  machine  at  Watertown 
Arsenal,  which  Mr.  Holley  described  so  graphically  last  even- 
ing), is  only  approximately  correct,  and  can  only  be  used  as  an  ad- 
junct to  other  tests.  .  I  will  read  the  tests,  made  under  Dr.  Dudley's 
supervision,  of  two  pieces  of  steel,  each  1  inch  sqnare,  which  rep- 
resents only  ^  inch  in  length  of  a  14-inch  ingot.  One  piece  of  this 
steel  was  rolled  at  the  highest  heat  attainable  without  burning  or  in- 
jury, and  possessed  an  ultimate  tensile  strength  of  70,650  pounds 
per  square  inch,  with  an  elongation  of  37^  per  cent.  The  other 
specimen  was  rolled  at  a  dull  red  heat,  and  had  an  ultimate  tensile 
strength  of  87,007  pounds,  with  an  elongation  of  19.8  per  cent. 
This  shows  that  steel  of  the  same  chemical  composition  may,  by  dif- 
ference in  treatment  in  rolling,  give  widely  different  results  in  the 
torsion  machine  when  it  has  not  been  injured  by  either  heating  or 
rolling.  This  variation  is  likely  to  occur  in  every  mill  in  the 
country. 

The  heating  of  the  steel  varies  in  accordance  with  the  character 
of  the  machinery  used  in  rolling.     You  take  a  Aveak  train  of  rolls 
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and  inadequate  power,  or,  as  is  the  case  in  some  mills,  have  too  few 
passes  with  excessive  reductions  for  speed  in  rolling,  and  you  will 
find  the  heating;  carried  to  the  extreme  limit  of  safety,  with  very 
often  a  burnt  rail  that  inevitably  shows  up  bad  in  the  track.  Yet 
this  class  of  mills  will  show  that  their  steel  has  low  tensile  strength 
and  high  elongation,  and  yet  the  steel  may  be  inferior  in  chemical 
qualities  to  that  of  another  mill  that  has  ample  power  and  strength 
in  every  respect  with  proper  reductions,  and  where  no  fears  exist  of 
trains  being  broken  or  wrecked.  Here  the  steel  is  rolled  at  a  moderate 
heat,  and  the  finished  rail  has  the  greater  density,  and  yet  it  may  be 
rejected  by  reason  of  its  having  greater  tensile  strength  and  less  elon- 
gation. 

The  mills  that  roll  rails  that  give  the  least  tensile  strength  and 
greatest  elongation  are  more  apt  to  furnish  the  greatest  amount  of 
bad  rails.  Rolling  at  a  high  heat  they  close  defects  that  at  a  moderate 
heat  would  be  developed,  and  the  result  is  a  defective  rail  is  made 
and  accepted  simply  on  account  of  its  percentage  of  elongation  being 
greater  than  another  rail  of  the  same  chemical  composition,  heated 
and  rolled  at  a  proper  heat,  and  the  defects  developed  and  cut  out ; 
yet  the  Thurston  torsion  machine  shows  it  lacks  in  elongation.  You 
condemn  the  good  rail  and  accept  the  bad  one.  Now  take  the  two 
rails  to  a  drop-test,  and  you  find  that  the  rail  with  the  good  elonga- 
tion breaks  under  a  24-foot  drop  of  a  1600  pound  weight,  while  the 
rail  that  has  been  rejected  will  astonish  you  by  standing  the  test. 
This  is  no  supposed  case  but  is  an  actual  fact,  and  from  my  experi- 
ence I  acce2:)t  no  one  physical  test.  I  wish  it  to  be  distinctly  under- 
stood that  I  do  not  condemn  the  Thurston  torsion  machine,  on  the 
contrary,  I  deem  it  of  great  value  as  an  adjunct  to  other  tests,  and 
will  say  this  in  its  favor,  that  no  steel  mill  in  the  country  should  be 
without  one ;  but  what  I  want  to  say  is  that  the  Thurston  machine 
alone  would  not  be  the  proper  thing  to  determine  whether  this  or 
that  rail  was  good  or  bad.  I  can  say  that  at  our  works  we  use  the 
machine  constantly,  and  frequently  find  that  after  other  tests  have 
been  made  this  machine  will  develop  some  characteristics  of  the  steel 
that  other  tests  failed  to  detect,  and  lead  us  to  make  further  tests  of 
steel  which  would  otherwise  be  condemned  for  the  purpose  for  which 
it  was  designed.  At  other  times  this  machine  has  indicated  that  the 
steel  was  good  when  other  tests  have  demonstrated  that  it  was  bad. 
Dr.  Dudley,  I  believe,  will  agree  with  me  on  this  point,  that  it  is  not 
advisable  to  rely  on  one  particular  test  alone,  but  it  is  possible  with 
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but  a  slight  increase  in  cost  to  have  a  combination  of  tests  that  will 
insure  as  far  as  practicable  all  that  he  may  desire. 

I  may  add  as  conclusive  proof  of  the  correctness  of  ray  views  in 
this  matter  that  our  works  have  furnished  to  a  prominent  road  fully 
16,000  rails,  which  have  been  in  use  over  three  years,  and  of  this 
number  only  two  rails  have  been  broken,  and  those  under  such  ex- 
ceptional circumstances  as  to  free  us  from  all  responsibility.  And, 
generally,  our  record  as  to  broken  rails  is  unexceptionably  good,  and 
we  have  strong  hopes  that  time  will  show  our  rails  are  also  equal  in 
wearing  qualities  to  any  made. 

Regarding  the  cause  of  broken  rails  as  mentioned  by  Mr.  Hunt, 
of  Troy,  I  agree  with  him  that  90  per  cent,  of  the  rails  that  break 
in  the  track  were  cracked  or  strained  in  the  mill  under  the  straight- 
ening press  ;  of  course,  I  mean  rails  that  have  a  fair  chemical  com- 
position. I  believe  I  was  the  first  to  condemn  the  old  method  of 
hot-straightening,  which  was  to  run  the  rails,  after  being  sawed  oif, 
on  to  what  was  termed  the  straightening  plate.  Then  two  workmen 
seized  it  with  malice  aforethought,  raising  each  end  about  24  inches 
high,  and  let  it  fall  on  the  plate.  This  procedure  I  watched  care- 
fully for  over  two  months,  and  felt  satisfied  that  instead  of  doing 
the  rail  any  good  it  was  doing  it  a  positive  injury,  for  by  raising  the 
ends  of  rails  the  under  side  of  head  and  flange  was  stretched,  and  at 
the  cold  press  I  invariably  found  that  every  rail  had  to  be  gagged 
repeatedly  at  this  point,  and  undo  what  the  two  men  had  done  on  the 
straightening  plate. 

Most  of  the  leading  mills  have  discarded  this  barbarous  method 
and  have  good  modern  improvements  in  its  place,  and  this  objection 
is  now  removed.  In  cold-straightening  we  straighten  rails  at  a  tem- 
perature so  high  that  not  a  member  of  the  Institute  could  keep  his 
hands  on  them  but  a  few  seconds,  unless  his  hands  were  very  callous. 

Too  many  mills  have  their  presses  ^working  under  the  principle 
of  a  shear  rather  than  that  of  a  press,  and  I  have  seen  presses  so  ar- 
ranged that  do  greater  damage  to  the  rails  than  any  load  or  shock 
that  they  are  liable  to  in  service.  Generally  speaking,  great  progress 
has  been-made  in  details  of  furnishing  rails  over  the  earlier  practice, 
which  did  so  much  injury  to  rails  before  they  left  the  mill. 

A  word  in  regard  to  Dr.  Dudley's  formula  of  phosphorus  units. 
Since  the  doctor  proposed  this  formula  how  many  of  those  who 
condemmed  it  as  being  egregiously  wrong,  had  any  idea  whatever 
of  the  relations  of  carbon,  silicon  and  manganese  to  phosi^horus  ?  Al- 
though the  doctor  may  be  wrong,  and  I  believe  he  is,  3'et  he  was  the 
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first  to  endeavor  to  establish  a  fornuila  of  this  kind,  and  is,  there- 
fore, entitled  to  the  thanks  of  steelmakers  ;  for  although  it  may  not 
be  correct,  it  is  much  nearer  the  mark  than  what  others  have  simply 
guessed  at ;  and  the  direct  results  of  his  investigations  have  been  to 
stimulate  investigations  by  others  and  throw  much  light  on  a  dark 
subject. 

A  word  in  regard  to  softness  and  hardness  of  steel  rails.  Rail- 
road  engineers  hove  differed  much  on  this  point.  In  making  rails 
for  the  New  York  Central  Kailroad  the  ins{)ecting  engineer  was 
afraid  that  our  steel  was  too  soft,  and  asked  me  to  increase  the  hard- 
ness. I  told  him  that  the  steel  was  as  hard  as  consistent  with  safety; 
yet,  at  his  request,  I  increased  the  hardness  by  addingcarbon  until  the 
steel  would  temper,  telling  him  that  we  would  not  be  responsible  for 
rails  breaking.  I  was  reminded  of  an  old  furnace  friend  of  mine  who 
for  over  twenty  years  had  been  making  miserable  iron  called  mill  or 
forge  iron,  and  had  fijially  begun  to  make  Bessemer  iron.  Meeting  hira 
one  day  he  told  me  that  he  was  making  a  Xo.  1  Bessemer  iron,  and  I 
asked  him  howhis  iron  stood  in  regard  to  phosphorus.  He  answered, 
"Well,  it  aint  got  quite  as  much  as  we  would  like  to  have,  but  I  can 
put  more  in  it.''  If  steel  rails  are  too  hard,  the  railroad  authorities 
are  responsible  for  it,  for  they  have  always  been  anxious  to  get 
them  hif^h  in  carbon,  not  realizing  that  other  hardening  elements 
existed.  And  I  would  say  here  that  the  majority  of  inspectors  sent 
by  railroad  companies  to  inspect  their  rails  generally  haven't  the 
minutest  idea  of  what  a  good  rail  should  be.  It  is  very  amusing  to  watch 
them  looking  over  the  rails  and  rejecting  those  that  they  say  are  not 
straight,  when  they  have  not  a  tracklayer  in  their  employ  who  can 
lay  and  spike  a  rail  as  near  a  true  alignment  as  any  rail  they  have 
rejected. 

In  order  to  show  that  the  steelmakers  can  make  steel  with  almost 
any  desired  elongation  I  present  tests  ofspecial  steel  made  for  stamping 
purposes  by  our  company. 

Xo.test.    Tensile  strength,     Tensile  strength,  Elongation. 

at  elastic  limit.  ultimate.  ^^^-ju^-xilju. 

1  39,762  53,298  107.81  per  cent. 

2  37,751  65,865  100.68  per  cent. 

This  steel  certainly  should  be  soft  enough  to  satisfy  the  most  fas- 
tidious engineer  that  believes  that  soft  steel  outwears  hard  steel. 
We  have  also  made  steel  that  has  stood  a  test  of  170,000  pounds  per 
square  inch,  so  here  is  certainly  range  enough  to  satisfy  any  one. 

In  regard  to  the  two  rails  shown  by  Professor  Egleston  illustrating 
VOL.  VII — 24 
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the  flow  of  metal,  I  would  ask  the  Professor  if  he  examined  the  condi- 
tion of  the  driving  and  truck  wheels,  as  the  deformed  rail  would  seem 
to  show  that  the  tires  and  wheels  were  badly  worn,  tending  to  cause 
the  metal  to  flow  over  the  sides  of  the  rails.  Both  rails,  however, 
show  that  they  were  too  soft  and  inadequate  in  strength  to  withstand 
the  loads  passing  over  them.  I  am  led  to  make  this  inquiry  of  Pro- 
fessor Egleston  by  the  flict  that  in  1859  and  18G0  the  Pennsylvania 
Railroad  had  made  for  their  steep  mountain  grades  an  84-pound 
rail,  which  was  wider  in  the  head  than  the  ordinary  64-pound  rail 
on  the  rest  of  the  road.  The  84-pound  rails  were,  however,  re- 
moved and  replaced  by  the  64-pound  rails,  since  the  former  did 
poor  service,  owing  to  the  fact  that  the  wheels  being  worn  to  suit  the 
64-pound  rail,  they  crushed  the  sides  of  the  heads  of  the  84-pound 
rail. 

(In  reply  to  Mr.  Wm.  Kent.)  It  will  not  do  to  rely  alone  on  the 
Thurston  machine  as  the  deciding  test  of  what  is  a  good  or  bad  rail ; 
for  instance  :  We  will  take  a  blow  or  heat  of  steel  that  will  furnish 
say  twenty-four  rail  blooms,  we  will  heat  and  roll  twelve  at  the 
highest  heat  attainable,  and  heat  and  roll  the  balance  at  a  low  tem- 
perature. 

The  first  twelve  rails  may  show  a  percentage  of  elongation  of  say 
twenty-two  per  cent.,  while  the  other  twelve  rails  rolled  at  a  fair 
heat,  but  colder,  and  having  greater  density,  will  not  show  an  elon- 
gation of  say  sixteen  per  cent. ;  yet  according  to  your  view  the  first 
twelve  rails  that  were  heated  the  highest  and  probably  slightly  burnt, 
and  would  certainly  show  the  poorest  wear  in  the  track,  would  be 
accepted  simply  because  a  piece  one  inch  square  cut  ovit  and  tested 
in  torsion  machine  showed  less  tensile  streno;th  and  o-reater  elonoation 
than  the  other  twelve  rails  heated  and  rolled  at  a  fair  heat  without 
any  possible  danger  of  injuring  the  steel.  These  latter  have  a  greater 
density,  and  by  reason  of  being  finished  colder  there  is  necessarily 
less  displacement  in  molecular  arrangement.  You  would  reject  the 
twelve  rails  that  were  the  best,  and  accept  the  twelve  rails  that  were  the 
worst,  besides  doing  Professor  Thurston's  machine  a  positive  injury 
by  relying  on  a  single  test.  And  this  is  the  particular  point  on  which 
I  object  to  Dr.  Dudley's  prescribing  the  test  by  cutting  from  the  head 
of  the  rail  a  test-bar  one  inch  square,  turning  the  centre  five-eighths 
inch  in  diameter  and  one  inch  long.  Now  we  see  clearly  that  the 
first  twelve  rails  I  have  spoken  of  will  give  a  diagram  nearer  the 
test  prescribed,  and  yet  every  one  may  be  slightly  burnt,  while  the 
other  twelve  tliat  are  free  from  such  danger  and  rolled  at  what  every 
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steel  man  knows  to  be  a  safer  and  better  heat,  will  not  meet  the  test. 
If  you  give  the  torsion  machine  a  proper  chance  it  will  prove  that 
the  first  twelve  rails  that  you  thought  the  best  are  really  the  poorest 
rails.  Cut  out  specimen  bars  from  the  two  lots,  anneal  them  both, 
and  the  machine  will  tell  you  if  the  first  twelve  have  been  burnt  so 
as  to  injure  them,  and  it  will  also  tell  you  that  the  twelve  rails  re- 
jected were  far  better  rails  than  they  were  supposed  to  be. 

Professor  Thomas  Egleston,  School  of  Mines,  Columbia  Col- 
lege, New  York  City. — While  admiring  the  ability  with  which  Dr. 
Dudley  has  worked  out  the  results  in  his  paper,  I  must  say  that  I 
think  he  has  drawn  his  conclusions  from  altogether  too  few  examples, 
and  that  they  therefore  seem  hardly  to  be  warranted.  He  has  given 
us  the  analyses  of  twenty-five  rails  under  very  nearly  the  same  con- 
ditions, many  of  which  were  rails  that  were  bad.  We  should  think 
it  a  very  unfair  way  if  we  should  pick  out  such  a  large  percentage  of 
bad  people  in  a  community  and  then  judge  the  whole  population  by 
them. 

I  have  been  engaged  in  researches  of  this  character  since  1873.  I 
must  confess  that  I  do  not  yet  feel  willing  to  draw  such  positive  con- 
clusions. The  more  I  investigate  and  study  the  more  clear  does  it 
seem  to  me  that  rails  are  affected  by  such  a  large  number  of  conditions, 
many  of  which  have  not  been  studied  at  all,  that  we  should  be  care- 
ful about  applying  the  conclusions  drawn  from  one  set  of  conditions 
to  cases  where  the  conditions  are  either  quite  different  or  not  ex- 
actly the  same.  I  do  not  feel  certain  either  that  Dr.  Dudley  has 
given  the  proper  positive  or  relative  values  to  the  coefficients  by 
which  he  determines  the  influence  of  his  "  hardeners." 

Leaving  this,  however,  entirely  out  of  view  I  think  this  whole 
question  of  rail  research  is  just  now  being  investigated  in  a  false  direc- 
tion. We  are  in  fact  asserting  that  the  chemist  can  solve  the 
whole  problem,  which  I  am  far  from  believing.  I  have  had  oc- 
casion within  the  last  eighteen  months  to  ask  myself  a  great  many 
times,  what  is  the  property  which  is  expressed  by  the  word  hard- 
ness ?  and  since  the  month  of  October,  what  does  Dr.  Dudley  mean 
when  he  prescribes  the  limits  of  his  hardeners  ?  If  we  ask  any  physi- 
cist what  is  hardness,  he  will  tell  us  that  it  is  the  power  of  resist- 
ing abrasion.  Xow  we  all  know  of  substances  which  we  call  hard, 
which  will  not  resist  abrasion  at  all.  I  have  had  instances  cited  to 
me  of  rails  which  have  borne  80,000,000  of  tons  traffic  in  the  track, 
which  were  abraded  at  a  rate  of  about  one  millimeter  for  20,000,000 
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tons,  which  suddenly,  without  any  apparent  cause,  gave  way  and 
dropped  to  pieces.  The  property  to  resist  abrasion  of  iron  and  steel, 
under  conditions  quite  different  however  from  those  of  the  perma- 
nent way  of  a  railroad,  is  very  often  synonymous  with  brittleness ; 
but  when  we  say  hardness  we  do  not  mean  brittleness,  we  mean 
something  that  shall  resist  wear  and  be  tough  at  the  same  time. 
We  refer  to  scales  of  hardness  and  of  temper  as  if  they  were  posi- 
tive and  always  had  the  same  values,  and  yet  some  of  these  substances 
to  which  we  fix  a  number  on  the  scale  with  great  certainty  may  vary 
as  one  to  four.  For  commercial  purposes  this  variation  may  in  some 
cases  not  have  much  value,  but  in  scientific  research  it  is  always  of 
the  greatest  importance.  I  have  been  studying  this  subject  carefully 
for  some  time,  and  will  venture  to  assert  that  no  two  rails  which 
have  the  same  amount  of  phosphorus  units  or  "hardeners"  which 
Dr.  Dudley  has  presented  to  us  have  the  same  hardness. 

I  have  ascertained  by  direct  experiment  that  a  physical  change 
goes  on  in  the  rail  from  the  cold-rolling  which  it  undergoes,  which 
makes  irons  and  steels  of  the  same  initial  physical  and  chemical 
composition  no  longer  suitable  for  the  same  services.  It  will  be 
remembered  that  some  years  ago  I  presented  the  results  of  some 
experiments  made  during  eighteen  months,  and  of  others  collected 
over  a  number  of  years  in  France  and  elsewhere  in  Europe,  from 
which  some  very  curious  conclusions  were  drawn.  Among  these  it 
was  shown  that  the  curve  representing  the  fracture  of  rails  during  a 
given  period  commenced  from  the  day  in  which  they  were  laid, 
and  continued  in  an  ascending  scale  up  to  about  eighteen  months 
and  then  suddenly  fell  to  nothing,  and  that  the  line  then  remained 
very  nearly  horizontal.  Breakages  after  this  time  occurred  only 
from  causes  which  would  always  produce  them.  I  also  showed  that 
any  flaw  existing  in  a  rail  when  it  was  laid  down,  even  though  it 
was  imperceptible,  would  sooner  or  later  cause  the  fracture  of  the 
rail. 

I  have  the  pleasure  of  exhibiting  to  the  Institute  two  rails,  one  of 
which  is  still  good,  and  has  borne  80,000,000  tons  traffic,  while  the 
other  is  worn  out,  and  has  had  only  6,000,000  tons.  Both  of  these 
rails  weighed  fifty-two  pounds  to  the  yard.  The  first  was  taken 
from  the  track  at  Spuyten  Duyvil,  on  the  New  York  Central  Rail- 
road, and  has  been  eleven  years  in  service.  The  other,  from  the 
curve  leading  into  the  freight  depot  in  Hudson  Street,  New  York, 
has  been  in  use  but  six  years.  The  first  is  good  for  80,000,000  more 
tons  traffic,  the  other  is  useless  under  any  circumstances. 
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The  analyses  of  these  rails  are  as  follows: 
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No.  1.  No.  2. 

Phosphorus 0043  .0726 

Manganese 3962  .2918 

Sulphur 0049  .0091 

Silicon 0196  .0392 

Carbon 2850  .2032 

Fig.  Xo.  1  shows  the  wear  of  the  rail  No.  1 ;  Fig.  No.  2  that  of 

No.  2 ;  and  Fig.  No.  3  the  head  of  No.  2  as  it  would  appear  if  the 


Fig.  I. 


sides  were  rolled  back  on  the  rail  head,  and  shows  the  part  actually 
worn  off  from  the  head. 

It  will  be  seen  that  both  of  these  rails  have  been  thoroughly  cold- 
rolled,  and  that  they  have  undergone  a  serious  physical  change  in 
the  track.  Now  when  we  consider  that  the  ordinary  engine  weighs 
from  20  to  45  tons,  and  that  its  bearing  surface  on  the  rail  is  about 
three-quarters  square  inch,  we  must  admit  that  this  weight  dis- 
tributed over  so  small  a  surface  at  every  instant  of  time  must  pro- 
duce some  change.  If  you  will  notice  the  first  specimen,  which  is 
superposed  on  its  template,  you  will  see  that  there  has  been  here  a 
cold  flow  of  metal,  which  has  thickened  the  flange  and  the  web  of 
the  rail  a  little,  while  the  upper  part  has  been  abraded  about  two 
millimeters. 

In  the  second  specimen  the  rail  has  been  abraded  and  worn  down, 
as  is  shown  by  the  fact  that  what  is  now  the  inside  of  the  rail  was 
formerly  its  outside,  which  still  shows  the  imperfections  of  the  rolls, 
and  that  as  it  has  worn  down  into  the  flange,  the  latter  has  divi- 
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ded  itself  on  the  two  sides.     It  will  also  be  noticed  that  the  foot 
and  web  of  the  rail  have  had  a  cold  flow  of  metal  through  them, 


so  that  they  no  longer  correspond  to  the  original  template  of  the 
rail.     These  rails  if  judged  by  the  phosphorus  units  are  not  essen- 


Fig.  3. 


tially  different,  yet  they  are  essentially  dissimilar  in  regard  to  their 
resistance  to  abrasion.  It  is  time  that  the  chemist  surrendered  his 
complete  and  entire  control  of  this  question  of  rails,  and  railway 
corporations  should  turn  their  attention  to  physical  and  mechanical 
tests.  It  has  been  my  habit  to  advise  making  these  examinations 
by  taking  the  test-pieces  for  torsional  and  tensile  strain  out  of  all 
parts  of  the  rail,  and  not  out  of  one,  and  to  carefully  examine  the 
structure  of  the  test-pieces,  as  well  as  part  of  the  rail  not  mechani- 
cally tested. 

The  experiments  which  I  have  made  prove  conclusively  that  the 
temperatures  at  which  rolling  commences  and  at  which  the  rail  leaves 
the  rolls  and  is  laid  upon  the  straightening  bed  and  allowed  to  cool, 
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have  a  very  decided  influence  on  its  life.  I  have  been  able  to  show 
tliat  at  times  the  condition  of  the  steel  in  the  centre  was  not  at  all 
the  condition  of  that  on  the  outside.  I  have  also  been  able  to  show 
that  the  bubbles  which  were  orif^inally  in  the  ingot  were  sometimes 
oxidized  on  their  interior  surfaces  sufficiently  to  prevent  welding. 
I  have  seen  them  following  the  contour  lines  of  the  rail  section,  and 
have  sometimes  noticed  a  concentration  of  impurities  at  these  points, 
and  sometimes  near  the^centre  of  the  rail.  AVlienever  these  bubbles 
come  to  the  outside,  there  is  the  commencement  of  a  flaw,  and  no 
matter  what  the  phos[)horus  units  in  such  a  rail  are  its  life  will  be 
shortened  below  that  which  would  otherwise  be  its  normal  resistance 
to  traffic.  In  some  recent  examinations  I  have  seen  these  bubbles 
take  the  shape  of  the  contour  of  the  rail  with  such  regularity  and  in 
such  numbers  that  it  was  difficult  at  first  to  believe  that  tiie  rail  was 
made  of  ingot  steel,  so  closely  did  its  structure  resemble  that  of  weld 
iron.  In  a  recent  communication  to  the  l^ew  York  Academy  of 
Sciences,*  I  have  cited  some  instances  of  irons  perfect  in  their 
chemical  composition  which  were  worthless  on  account  of  physical 
defects.  At  the  St.  Louis  meeting  of  the  Institute  in  1874,t  I  re- 
ferred to  some  steel  rails  made  at  Creusot,  which  were  broken  in  the 
tracks  of  the  Northern  Railway  of  France.  These  rails  stood  all 
the  chemical  and  mechanical  tests  required  by  the  contract  and 
should  have  been  good  rails.  From  physical  tests  made  since  the 
Lake  George  meeting  of  the  Institute  on  the  pieces  of  the  rails 
which  I  have  carefully  preserved,  I  have  shown  that  these  rails  were 
very  defective  at  the  time  they  were  laid  in  the  tracks.  Here,  then, 
are  irons  chemically  good,  and  steels  mechanically  good,  and  yet  all 
are  worthless.  AV^e  certainly  could  not  draw  any  conclusion  from 
their  phosphorus  units. 

I  have  recently  been  investigating  the  effects  of  sudden  blows, 
like  that  of  the  engine,  on  a  rail  which  is  either  too  higii  or  too 
low.  The  rail  is  thus  sul)ject  at  one  time  to  abrasion  and  to  slow 
compression,  relieved  at  every  instant  while  the  train  is  passing,  and  to 
abrasion  and  sudden  compression  when  the  train  falls  from  the  high 
to  the  low  rail.  That  these  causes  do  produce  an  effect  on  the  phys- 
ical structure  of  the  rail  I  have  succeeded  in  making  visible. 

I  have  recently  seen  two  hooks,  one  of  which  had  frequently  raised 
stones  of  12  tons  weight  on  the  Brooklyn  Bridge,  which  broke  with 
a  weight  of  6  tons ;  the  other,  after  long  service,  was  pulled  apart  by 
men  hauling  on  a  rope  passing  through  the  block.     The  change  in 

*  Science  News,  1879,  p.  71. 

f  Transactions  of  the  Institute,  vol.  iii,  pp.  62,  63. 


376  DISCUSSION    OF    DR.    CHARLES   B.    DUDLEY  S 

the  physical  condition  of  the  first  hook  on  the  small  surface  which 
had  been  compressed  was  quite  visible  to  the  naked  eye.  My  re- 
searches, however,  have  not  gone  far  enough  for  me  to  reach  any 
definite  conclusion  as  to  the  effect  of  compression  on  the  life  of  a  rail. 

I  am  making  plans  for  an  instrument  with  which  to  study  all 
these  phenomena;  but  as,  up  to  the  present  time,  my  researches  have 
been  made  wholly  at  my  own  expense,  I  have  not  been  able  to  go  very 
rapidlv.  It  has  been  very  difficult  for  me  to  get  the  material  to 
work  with,  as  I  have  not  yet  been  able  even  to  interest  the  great 
railroad  corporations  in  these  researches. 

The  condition  of  the  road-bed  and  also  of  the  wheels  and  tires 
have  a  decided  influence  on  the  wear  of  rails.  If,  for  instance,  the 
tire  is  softer  than  the  rail  over  which  it  goes,  it  will  be  more  likely 
to  wear  out  the  rail  than  if  it  were  harder.  I  have  had  occasion  to 
show  that  a  soft  tire  will  wear  out  the  hardest  rail  in  a  comparatively 
short  time. 

Such  researches  as  these  are  difficult  to  make.  There  are  so  many 
unknown  quantities  in  the  equation  to  start  with,  that  the  solution 
seems  almost  hopeless ;  and  there  often  is  a  great  temptation  to  elim- 
inate some  of  them  with  facts  drawn  from  insufficient  data.  Xot 
only  is  the  research  difficult  in  itself,  but  we  may  have  all  the  facts 
in  our  hands,  and  yet  they  may  be  useless  to  us,  since  we  may  not 
be  able  to  translate  them,  as  it  often  takes  more  time  to  interpret  the 
facts  than  to  obtain  them. 

Too  little  attention  has  been  paid  by  both  manufacturer  and 
engineer  to  the  ultimate  composition  of  rails.  We  are  satisfied  gener- 
ally in  looking  for  carbon,  phosphorus,  sulphur,  manganese,  and 
silicon,  without  looking  for  the  other  ingredients.  We  know  that 
copper  is  present  in  irons  and  steels  made  in  some  districts  in  Penn- 
sylvania, and  its  presence  may  be  more  common  than  we  have  sup- 
posed. Mr.  Gruner,  of  Paris  cited  the  fact  some  years  ago  that  the 
presence  of  aluminium  in  certain  ores  in  France  prevented  the  irons 
made  from  them  from  being  used  for  crucible  steel.  We  have  learned 
only  within  comparitively  few  years  that  tungsten,  chromium,  and 
other  substances  may  take  almost  entirely  the  place  of  the  carbon, 
and  yet  the  material  be  steel;  and  that  they  may  be  present  in  con- 
siderable quantities  even  in  the  presence  of  carbon.  Calcium  and 
magnesium  have  also  been  found  in  small  quantities.  I  have 
recently  made  some  analyses  of  Bessemer  ores  containing  7  to  8  per 
cent,  of  titanium,  the  presence  of  which  was  not  even  suspected  by 
the  parties  using  them.    Berthier  cites  some  analyses  of  cast  iron 
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wliii'h  lie  made,  in  wliieli  there  was  only  80  per  cent,  of  iron.  The 
amount  of  foreign  substances  other  than  carbon  present,  was  nearly 
16  per  cent.  He  also  cites  some  Spanish  irons  containing  several 
per  cent,  of  arsenic.  These  substances,  which  are  in  the  ore,  must 
have  some  effect  on  the  product. 

In  fact  I  think  we  need  an  entire  revision  of  the  subject,  and  that 
our  gi'Gi^t  corj)oi'ations  should  undertake,  not  the  chemical  examina- 
tion of  irons  only,  but  their  physical  and  mechanical  examination  as 
well. 

In  conclusion  I  beg  to  say,  however  much  I  may  disagree  with 
Dr.  Dudley's  conclusions  I  shall  always  admire  his  methods  of  re- 
search, and  the  manliness  with  which,  in  the  interest  of  science,  he 
has  announced  them  and  invited  criticism. 

Mr.  a.  L.  Holley,  New  York  city. — A  year  iDr  two  ago  I 
would  have  undertaken  (for  a  suitable  retainer)  to  convey  more  in- 
formation on  this  subject  than  I  am  prepared  to  disseminate  now. 
As  soon  as  we  had  begun  to  get  correct  analyses,  and  in  a  general 
way  to  observe  the  more  pronounced  effects  of  the  "  hardeners," 
some  of  us,  at  least,  rather  jumped  to  the  conclusion  that  we  could 
predict  all  the  important  mechanical  results  of  chemical  composi- 
tion. A  large  number  of  physical  and  chemical  comparisons,  made 
especially  well  at  Terrenoire,  and  others  at  the  Norway  Iron  Works 
in  Boston,  on  phosphoric  steels,  also  some  experiments  on  rather 
pure  steels  in  Sweden,  seemed  to  confirm  this  expectation. 

Bui  as  increased  experimenting  went  on,  it  began  to  be  suspected 
that  testing-machine  results  might  not  after  all  foreshadow  other 
physical  qualities,  such  as  resistance  to  abrasion.  Meanwhile  the 
United  States  Test  Board  had  been  making  some  400  mechanical 
and  some  100  chemical  tests  of  steels;  several  experts  had  under- 
taken to  get  from  them,  a  law  of  strength,  and  to  lay  down  a  rule 
of  synthesis  for  steel  for  various  uses.  But  the  more  they  tried  to 
unravel  the  relations  between  the  chemists'  and  the  testers'  tables, 
the  more  they  came  to  the  conclusion  that  these  experiments  were  of 
inestimable  value — in  revealing  the  importance  of  more.  Two 
thousand  machine  experiments  have  been  necessary  to  enable  Com- 
mander Beardslee  to  establish  his  important  working  conclusions 
about  chain-cable  ii'ons. 

During  the  Paris  Exposition,  the  Terrenoire  engineers,  who  are  most 
indefatigable  and  painstaking  experimenters,  published  some  elab- 
orate tables  of  results  on  steels  of  varying  carbon,  and  nearly  alike 
in  other  elements;  and  other  results  on  manganese  steels  and  on  sili- 
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con  steel  castings.  Bat  such  experiments,  however  important, — and 
they  are  of  extreme  importance  in  directing  tlie  course  of  other  ex- 
periments,— do  not  yet  give  us  the  two  great  practical  every  day 
facts  we  want,  viz  : 

1st.  The  reactions  of  carbon  and  the  metalloids  x>n  each  other , 
under  even  the  most  simple  stresses. 

2d.  The  more  remote  fact — the  efiPect  of  complex  structure  on  re- 
sistance to  complex  stresses,  such  as  impact,  abrasion,  and  transverse 
strain  on  rails. 

The  paper  of  Dr.  Dudley,  and  the  intelligent  discussion  which  it 
has  called  out,  have  given  a  new  and  increased  impetus  and  direc- 
tion to  such  investigations ;  the  result  of  which  will,  of  course,  be  the 
more  rapid  attainment  of  working  conclusions  in  regard  to  the  com- 
position of  rails  and  structural  steels. 

But  we  are  not  entirely  in  the  dari^ ;  we  have  some  evidences 
of  the  duration  of  rails  of  certain  compositions,  which  do  not  point 
exactly  to  Dr.  Dudley's  conclusions — evidences  which,  although  not 
embracing  all  the  elements  of  correct  conclusions,  possess  perhaps  as 
many  such  elements  as  Dr.  Dudley's  evidences  do.  Those  put  for- 
ward by  Mr.  Hunt,  of  Troy,  and  by  Dr.  Egleston,  are  important 
among  them. 

When,  in  1863  and  1864,  I  was  studying  the  Bessemer  process  in 
Sheffield,  I  became  quite  familiar  with  the  manufacture  and  qual- 
ities of  the  product  at  Bessemer's,  Brown's  and  Caramell's  works. 
The  Cumberland  irons  used  were  all  about  alike,  the  blowing  was 
all  alike,  and  the  steel  was  all  alike  to  this  extent — it  had  less  duc- 
tility than  rail  steel  now  has.  We  had  no  trustworthy  quantitative 
laboratory  analyses  then,  but  we  had  some  qualitative  if  not  quanti- 
tative analyses  of  carbon  and  silicon  on  a  large  scale — the  vessels 
were  uniformly  and  invariably  turned  down  "young."  So  early  were 
the  heats  finished,  that  the  men  from  other  countries,  studying  the 
process,  had  great  difficulty  in  learning  the  incipient  change  in  the 
flame  which  determined  the  finish.  It  is  therefore  certain,  that  the 
steel  produced  all  these  years  was  high  in  carbon  and  silicon  ;  how 
high  we  can  nearly  tell  by  blowing  the  same  irons  in  the  same  way. 
Now  this  is  the  very  steel  which  made  tlie  early  English  rails  which 
gave  such  remarkable  wear.  These  were  the  rails  which  on  the 
Chalk  Farm  and  at  Crewe  Station,  on  the  London  and  Northwestern 
Railway,  wore  out  twenty-five  to  thirty  iron  rails  in  repeated  exper- 
iments— %Y  a  good  iron  rail  would  last  but  about  a  week  in  some 
parts  of  Crewe  Station.  We  are  not  now  considering  breakage,  but 
the  effect  of  carbon  and  silicon  on  wear. 
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On  the  Great  Xortheni  Railway  of  France,  the  Terrenoire  phos- 
pliorio  rails,  containinti;  about  a  quarter  of  a  per  cent,  and  more  of 
phosphorus,  and  nearly  one  per  cent,  of  manganese,  but  only  about 
a  tenth  of  carbon,  have  been  down  at  least  six  years.  The  best  evi- 
dence that  they  have  been  satisfactory  is  that  the  Terrenoire  com- 
pany is  still  making  similar  rails  for  this  railway,  and  although  the 
rails  have  now  less  phosphorus  and  more  carbon,  the  former  still 
exceeds  the  latter  element.  As  to  silicon,  the  repeated  and  authen- 
ticated results  of  the  Terrenoire  steel  castings,  which  have  a  quarter 
per  cent,  and  more  of  silicon,  although  they  are  especially  free  from 
silica,  prove  at  least  that  silicon,  in  proportions  considered  quite 
inadmissible  here,  does  not  harm  steel  castings.  A  12-inch  shell  of 
this  steel  goes  through  a  12-inch  armor  plate  without  other  defor- 
mation than  a  small  upsetting,  and  cannon  of  this  steel  stand  more 
deformation  without  cracking  than  the  hammered  steel  cannon  they 
were  competitively  tried  with. 

Thus  it  appears  that  certain  desirable  qualities  may  exist  in  steels 
which  have  high  percentages  of  various  metalloids.  These  facts  are 
not  indeed  complete ;  all  the  questions  that  could  be  asked  about 
these  steels  cannot  be  answered  ;  but  these  facts  are  drawn  from 
large  experience  and  many  sources.  It  should  seem  strange  if  the 
ingredients  of  good  rails  can;iot  be  varied  largely  beyond  the  speci- 
fications laid  down  by  Dr.  Dudley. 

We  are  bound  to  admit,  however,  that  his  impressions  in  favor  of 
low  carbon,  are  in  a  certain  degree  confirmed  by  some  experiments 
made  in  1874-5  by  Mr.  J.  T.  Smith,  manager  of  the  Barrow  Works, 
on  some  rails  that  had  lain  for  eight  years  in  the  Furness  Railway. 
Twenty  rails  which  ran  in  carbon  from  0.28  to  0.32,  and  averaged 
about  0.30,  showed  13.54  per  cent,  wear,  while  ten  rails  which  ran 
in  carbon  from  0.36  to  0.50,  and  averaged  0.42,  showed  15.18  per 
cent.  wear. 

The  apparently  contradictory  results  which  this  discussion  has 
elicited,  should  not,  however,  be  deemed  contradictory.  They  are 
the  outlying  and  detached  phenomena  which  rather  prove  the  exis- 
tence of  harmonious  and  discoverable  laws,  although  the  comple- 
mentary phenomena  still  lie  in  the  great  unknown. 

Mr.  Wm.  Metcalf,  Pittsburgh.— I  would  call  attention  to  the 
question  of  hardness,  as  partially  developed  by  Prof.  Jno.  W.  Lang- 
ley,  in  another  way,  which  seems  to  be  particularly  appropriate  to 
the  subject  of  the  endurance  of  rails.  Prof.  Langley  having  found 
the  old   methods  of  punching  and  scratching  to  be  of  very  little 
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value  as  means  of  determining  any  useful  property  of  a  metal,  de- 
veloped the  following  plan.  He  used  a  simple  contrivance  in  which 
a  diamond  drill  was  made  to  act  vertically  on  the  specimen  of  steel. 
This  drill  was  fastened  above  to  a  lever  beam,  which  could  be 
weighted.  On  the  shaft  of  the  drill  was  a  pulley  (A),  by  means  of 
which  the  drill  could  be  revolved.  He  decided  that  "  the  accurate 
determination  of  hardness  as  a  function  of  abrasion  is  indispensable. 
Now  if  we  assume  the  proposition  that  the  proper  measure  of 
hardness  is  the  quantity  of  material  abraded  under  the  action  of  a 
constant  force  (and  what  other  exact  definition  can  we  have  ?),  then 
if  the  weight  (W),  is  maintained  constant  and  a  given  number  (n) 
of  revolutions  given  to  a  drill,  the  work  done,  calling  a  the  intensity 
of  force  lying  along  a  tangent  to  the  circumference  of  A,  will  be 
2'^r  W  n  a.  The  mechanical  result  will  be  a  certain  amount  of 
drillings  which  can  be  most  accurately  determined  by  weight,  and 
the  hardness,  H,  will  be 

„ 2  -  r  W  n  a 

weight  of  drillings. 

"  Of  course  «  is  variable,  because,  as  the  drill  sinks  deeper  it  will 
take  a  wider  cut,  but  the  average  value  of  «  can  be  found  by  wind- 
ing a  string  around  A  and  then  applying  the  moving  force  through 
a  spring  balance,  whose  indications  are  read  for  every  revolution, 
these  readings  would  be  summed  and  divided  by  n  to  give  the  mean 
value." 

By  means  of  this  apparatus  the  following  experiments  have  been 
made,  which,  although  they  are  too  few  to  develop  any  law,  are 
enough  to  show  that  valuable  results  may   be  obtained  in  this  way. 

It  was  desired  to  obtain  the  best  steel  for  wire-drawing  dies, 
where  resistance  to  abrasive  wear  is  the  one  desirable  property,  as  it 
also  seems  to  be  in  rails. 

Four  samples  of  steel  were  tried  of  the  following  composition  : 
The  first  was  a  sample  of  high  tool  steel ;  the  manganese  was  not 
determined,  but  is  believed  to  be  very  nearly  the  amount  given  in 
the  table.  Its  abrasive  resistance  was  taken  at  100  to  afford  a  basis 
of  comparison. 


Ko. 

C. 

Si. 

P. 

S. 

Mn. 

Tungsten. 

Abrasive  Resistance. 

1. 

1.079 

.039 

.044 

.004 

.100 
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not 

not  . 

not 

2. 

1.370 

det. 

det. 

det. 

det. 
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74 

3. 

2.370 

( ( 

11 

IC 

.180 

1520 

4. 

1.860 

CI 

(( 

(( 

.566 

223 

5. 

2.890 

.140 

.020 

.031 

.260 

Not  determined. 

Xo.  5  is  the  analysis  of  perfectly  satisfactory  imported  dies. 
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Nos.  2,  3,  and  4  were  not  examined  except  for  manganese,  carbon 
and  tungsten,  because  it  was  supposed  that  either  manganese  or 
tungsten   was  the  great  hardening  and  resisting  element. 

If  the  above  experiments  indicate  anything  it  is  that  carbon  comes 
prominently  forward   once  more  as  the  one  useful  element  in  steel. 

With  such  abnormally  high  carbon  as  2.37  and  2.89,  manganese 
comes  in  as  the  cementing  element  which  enables  such  steel  to  be 
worked,  and  so  far  as  our  experience  goes,  it  is  the  only  element 
which  does  not  impair  tlie  qualities  of  very  high  carbon  steel. 

Other  metalloids  or  metals  should  be  looked  after.  An  iron 
containing  silicon  .045,  phosphorus  .022,  copper  .145  yielded 
a  magnificent  homogeneous  steel  with  carbon  at  .4  per  cent., 
but  when  it  was  made  into  steel  with  carbon  1  per  cent,  it 
proved  perfectly  worthless.  In  making  experiments  for  the  Test 
Board,  we  observed  very  decidedly  that  the  tendency  of  phosphorus 
was  to  make  the  steel  very  frothy  in  the  crucible  and  unsound  in 
the  ingot,  and  when  we  reached  phosphorus  .5  per  cent.,  the  steel 
nearly  boiled  out  of  the  pot,  and  the  ingot  was  very  like  a  sponge. 

Mr.  Dolphus  Torrey,  Philadelphia. — It  seems  to  me  that  the 
conclusions  reached  have  been  drawn  from  insufficient  data,  as  the 
influences  of  the  treatment  which  the  steel  receives  in  the  process  of 
manufacture  and  the  subsequent  handling  of  the  rails  are  practically 
ignored.  In  fact  they  cannot  be  sufficiently  considered  in  the  way 
in  which  the  subject  is  approached.  If  any  attempt  should  be  made 
to  keep  a  record  of  such  things  it  would  be  either  lost  or  misunder- 
stood by  the  time  the  rail  might  be  by  accident  selected  for  testing, 
owing  to  the  changes  of  officers  by  railroad  companies  and  of  em- 
ployes by  steel  companies.  Instead  of  testing  rails  accidently  se- 
lected, the  history  of  the  making  of  which  cannot  be  ascertained,  I 
suggest  that  the  proper  way  will  be  to  make  rails  for  the  express 
purpose  of  being  tested,  so  as  to  be  able  to  define  the  influence  of 
various  chemical  mixtures  or  solutions  in  the  steel  and  of  various, 
methods  (and  degrees)  of  heating  and  manipulating  it.  I  would  do  this 
in  the  following  manner :  Cast  from  one  charge  in  the  converter  two 
ingots  of  steel,  one  compressed,  one  not.  Reduce  each  of  these  to 
four  blooms.  The  blooms  of  each  ingot  should  be  rolled  into  rails, 
after  being  brought  to  different  temperatures, — say  high,  very  high, 
moderately  high,  moderately  low,  and  very  low  heats, — thus  giving 
from  the  one  mixture  of  steel  eight  qualities  of  rails.  Cutting  these 
rails  in  two  and  annealing;  one-half  of  each  I  would  have  sixteen 
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rails,  all  from  the  same  charge,  and  differing  in  qualities  of  endur- 
ance for  service  in  a  railroad  track  by  unknown  quantities,  perhaps 
no  one  knowing  which  will  best  resist  abrasion.  I  would  accurately 
and  carefully  curve  these  sixteen  j'ails  and  lay  with  them  a  small 
circle  of  track  (say  about  sixty  feet  in  circumference).  Then  making 
a  circular  truck,  mounted  on  a  considerable  number  of  wheels  (say 
sixteen  to  twenty)  and  loaded  to  correspond  to  the  weight  per  wheel 
customarily  carried  in  actual  railroad  practice,  I  would  cause  the 
truck  to  be  rotated  rapidly.  Any  one  investigating  the  possibilities 
of  the  case  will  be  greatly  surprised  at  the  short  time  taken  to  give 
a  tonnage  of  5,000,000  tons,  which  will,  I  assume,  cause  sufficient 
abrasion  to  afford  a  comparison  between  the  rails  tested  of  their 
respective  resistances  to  abrasion.  A  speed  of  fifteen  or  twenty  miles 
per  hour  bv  the  wheels  will  accomplish  this  tonnage  within  three 
days.  Testing  different  and  differing  charges  of  steel  it  would  soon 
be  known  that  particular  methods  of  working  the  metal  and  treating 
the  rails  was  uniformly  bad,  which  conditions  being  eliminated  from 
further  tests  would  enable  the  experimenter  to  simplify  his  work,  and 
ultimately  to  specify  the  composition  of  steel  and  the  conditions  of 
working  it  and  of  handling  the  product  essential  to  the  production 
of  the  most  satisfactory  rail. 

The  usefulness  of  such  an  apparatus  would  include  experiments  as 
to  the  road-bed,  effects  of  direction  of  traffic,  excessive  loads,  different 
kinds  of  wheels,  etc. 

Mr.  H.  M.  Howe,  Boston,  Massachusetts. — We  test  rails  to  find 
out  to  what  extent  they  possess  certain  mechanical  properties,  e.  g. 
the  power  to  resist  abrasion  and  the  power  to  resist  sudden  heavy 
blows,  such  as  are  given  by  flat  wheels  and  by  heavily  laden 
drivers. 

Intelligently  devised  mechanical  tests  give  us  direct  and  uner- 
ring information  as  to  the  extent  to  which  such  properties  are 
possessed  by  the  piece  tested.  Chemical  tests  give  ns  prima  facie 
evidence,  indications,  suggestions,  as  to  these  mechanical  properties. 
If  a  piece  of  steel  has  .2  per  cent,  phosphorus  M-e  believe  it  to  be  very 
brittle.  But  if  we  test  it  mechanically  we  know  whether  it  is  very 
brittle  or  only  somewhat  so. 

Is  our  knowledge  of  the  connection  between  the  chemical  consti- 
tution and  the  mechanical  properties  of  iron  so  complete,  and  are 
chemical  tests  so  much  more  convenient  than  mechanical  ones,  as  to 
make  it  desirable  to  reject  rails  on  the  prima  facie  evidence  of  their 
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nieclianieal  properties  afforderl  by  their  eliemicul  composition  alone, 
without  reference  to  the  direct  evidence  afforded  by  meclianical 
tests?  Might  it  not  be  more  logical  and  perhaps  wiser,  to  merely 
allow  the  chemical  composition  to  create  a  presumption  for  or  against 
a  set  of  rails,  a  presumption  which  could  be  refuted  by  sufficiently 
strong,  direct  evidence  of  their  mechanical  properties,  such  direct 
evidence,  I  mean,  as  is  afforded  by  mechanical  tests? 

To  take  a  case :  Suppose  a  set  of  rails  to  contain  only  24  phosphorus 
units.  Suppose  for  the  sake  of  argument  that  the  manufacturers  of  the 
rails  demonstrated  that  they  had  great  power  of  resisting  abrasion, 
great  transverse  strength,  etc.,  might  it  not  be  better,  in  the  present 
state  of  our  knowledge  of  the  subject,  to  take  the  ground  that,  since 
the  chemical  composition  of  these  rails  constituted  a  strong  prima 
facie  case  against  them,  an  unusually  great  burden  of  proof  ought 
to  be  thrown  on  their  sellers  to  prove  that  they  are  sufficiently  hard, 
etc.,  by  more  thorough  and  trying  tests  than  are  required  of  rails 
whose  composition  does  not  raise  a  presumption  against  them? 

I  would  ask  whether  Mr.  Holley  has  not  told  us  of  steel  made  at 
Terrenoire,  fit  for  rails,  which  carries  more  than  .04  per  cent,  ot 
silicon,  which  I  understand  to  be  Dr.  Dudley's  limit?  If  this 
be  so,  would  it  not  indicate  that  our  knowledge  of  the  subject  is 
still  immature,  since  so  eminent  an  authority  as  Dr.  Dudley  would 
have  rejected,  on  account  of  their  chemical  composition,  rails  really 
unexceptionable  ? 

During  this  period  of  immaturity  should  not  chemical  composi- 
tion be  admitted  only  as  strong  prima  facie  evidence,  liable  to  be 
rebutted  by  sufficiently  conclusive  mechanical  evidence? 

Mr.  W.  E.  C.  Coxe,  Superintendent,  Philadelphia  and  Reading 
Railroad  Rolling  Mill,  Reading,  Pa. — In  the  remarks  made  by  Mr. 
Hunt  on  Dr.  Dudley's  excellent  paper,  there  were  two  points  men- 
tioned which  undoubtedly  have  their  influence  in  determining  the  life 
of  a  steel  rail — that  of  the  overheating  of  the  steel  bloom  before  rolling 
^nd  the  cold-straightening  of  the  finished  rail.  Some  of  the  rails 
pronounced  hard  and  brittle  may  have  been  made  so  by  excessive 
heating,  and  while  apparently  finished  well,  soon  broke  after  being 
placed  in  the  tracks;  again,  other  rails  while  properly  heated  and 
having  all  the  qualities  necessary  for  a  durable  and  strong  rail,  may 
by  improper  treatment  in  the  cold-straightening  have  received  what 
is  known  as  a  gag-mark,  thus  damaging  the  natural  structure  of  the 
rail,  placing  it   under  strain,  and   rendering  it   unable  to  withstand 
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much  wear,  and  liable  to  rupture  after  getting  a  few  severe  blows 
from  engines  or  heavy  trains  passing  over  it.  Rails  damaged  in 
this  way  are  more  susceptible  to  changes  in  temperature  about  the 
freezing-point,  and  would  also  have  a  tendency  to  fracture.  The 
defects  in  these  cases  would  be  physical  or  mechanical  rather  than 
due  to  the  chemical  constituents  of  the  rail,  and  the  analysis  might 
lead  us  astray  in  attributing  the  breakage  to  the  composition  of  the 
material  in  the  rail,  instead  of  to  the  peculiar  conditions  created  by 
its  improper  treatment.  Both  of  these  evils  of  poor  heating  before 
rolling  and  bad  cold-straightening  can  be  overcome  by  the  exercise 
of  care,  but  these  accidents  will  sometimes  occur,  and  the  circum- 
stances under  which  the  rail  is  finished  are  likely  to  cause  a  con- 
demnation of  a  material  which  might  otherwise  have  proved  itself 
a  good  article. 

Mr.  C.  E.  Stafford,  Pennsylvania  Steel  Works. — In  confirma- 
tion of  Professor  Egleston's  remarks,  the  following  by  M.  A.  Ber- 
nard, in  the  article,  "  Note  on  the  Use  of  Steel  Rails,"  in  the  An- 
nales  des  Mines,  Vol.  V.,  1876,  may  be  of  interest.  He  says  of  a 
table  giving  the  number  of  steel  rails  taken  up  on  the  lines  of  the 
Northern  Railway  of  France : 

"The  losses  are  due  to  broken  and  damaged  rails.  These  losses 
go  on  diminishing  rather  than  increasing  at  least  for  a  long  period, 
because,  evidently,  many  of  the  breakages  and  damages  are  due  to 
faults  of  manufacture.  It  is  then  from  the  wear,  more  or  less  rapid, 
of  steel  rails  that  we  are  to  seek  information  in  regard  to  their  dura- 
bility." 

Some  of  the  leading  Bessemer  steel  rail  manufacturers  of  England 
gave  their  opinion  on  this  very  subject  of  the  wear  of  steel  rails  at 
the  London  meeting  of  the  Iron  and  Steel  Institute,  March,  1876. 
Incidentally  in  the  discussion  of  M.  F.  Gautier's  paper  "  On  the 
Uses  of  Ferromanganese,"  was  brought  forward  the  following : 

"  The  question  of  the  short  life  of  the  steel  rails  of  the  present  day, 
as  compared  by  that  possessed  by  those  of  the  early  times  of  their 
manufacture,  was  adverted  to  by  Mr.  I.  Lowthian  Bell,  M.  P.  He 
instanced  some  steel  rails  which  were  laid  on  the  Northeastern  Rail- 
way in  1862,  and  which  stood  the  heaviest  traffic  on  the  road  with- 
out renewal  until  1874;  whereas  steel  rails  laid  down  six  years  ago 
had  already  been  renewed.  Mr.  Snelus  observed  that  the  reason 
of  the  apparent  deterioration  was  that  there  was  less  carbon  put  into 
rails  now  than  there  was  formerly.    Carbon  made  the  steel  hard,  and 
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in  consequence  of  that  fractures  had  occurred.  That  alarmed  rail- 
way engineers;  they  would  have  softer  rails  which,  of  course,  were 
less  durable  .  .  .  Mr.  Menelaus  observed  that  deterioration  of 
steel  rails  was  due  to  the  requirements  of  engineers  only.  They 
would  receive  much  more  satisfaction  in  the  matter  of  rails  if  they 
would  allow  railmakers  to  use  their  own  judgment  a  little  more. 
If  they  would  be  a  little  more  moderate  in  their  requirements  than 
to  insist  on  a  rail  standing  one  ton  falling  thirty  feet  with  three 
feet  bearings,  and  would,  within  certain  limits,  accept  what  rail- 
makers  would  supply,  they  would  get  hardness  combined  with  dura- 
bility in  a  rail  well  within  the  limits  of  safety." 

If  the  comparison  of  hardness  or  brittleness  by  the  phosphorus- 
unit  formula,  brought  forward  by  Dr.  Dudley,  be  applied  to  rail 
steel  out  of  the  comparatively  narrow  range  considered  by  him,  it 
will  be  found  to  be  misleading.  This  is  owing  to  the  fact  that  the 
various  chemical  elements  entering  into  the  composition  of  rail  steel 
have  more  or  less  influence  one  upon  another  as  their  relative  pro- 
portions vary,  thus  modifying,  to  a  greater  or  less  degree,  their  effect 
on  the  physical  properties  in  the  direction  pointed  out  by  Dr.  Dud- 
ley. The  effect  of  these  different  proportions  is  assumed  to  be  con- 
stant in  the  phosphorus-unit  formula  ;  but  w^e  find  in  practice  that 
the  physical  properties  are  widely  different  from  those  which  we 
would  be  led  to  expect  by  its  application. 

One  ciLse  in  point :  About  three  years  ago  I  made  an  experimen- 
tal phosphorus-steel  heat  for  rails  in  the  open-hearth  furnace.  The 
mechanical  tests  were  the  same  as  for  rails  of  .35  per  cent,  carbon.  First 
was  taken  a  bar  |  inch  one  way,  punched  out  of  the  web  of  the  rail, 
and  12  inches  long.  This  was  bent  cold  through  an  angle  of  140  de- 
grees, the  I  inch  sides  being  in  the  plane  of  the  motion  while  bending. 

In  the  second  test  a  rail  was  placed  head  up  on  bearings  2  feet 
apart,  and  a  ton  tup  was  dropped  on  it  three  times  from  a  height  of 
seventeen  feet,  which  bent  it  to  an  angle  of  about  80°  from  a  straight 
line.     These  tests  were  satisfactory  in  every  particular. 

The  composition  of  the  rails  was 

Phos.  units. 

S 076  per  cent.  

P 276       ....     27.60 

Mn.       .     .  1.24.5       ....     24  90 

C 260       ....       8.66 

Si. —  not  determined.  

6L16 

This  gives  the  hardness  in  phosphorus  units  61.16,  not  taking 
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into  account  the  silicon,  Mhicli  probably  amounted  to  .03  or  .04  per 
cent. 

This  rail  stood  the  same  tests  as  rails  manufactured  at  the  same 
time,  having  but  33  to  35  phosphorus  units. 

It  may  be  of  interest  to  some  of  the  members  to  know  more  of 
the  history  of  this  heat.  I  find  in  looking  over  ray  notes  that  a 
little  over  50  per  cent,  of  iron  rails  were  used,  the  analyses  of 
several  samples  of  which  showed  them  to  contain  about  .49  per  cent, 
phosphorus  and  .091  per  cent,  sulphur.  The  steel  was  run  into  bot- 
tom-cast two-rail  ingots,  10  inches  square  at  top,  12  inches  at  bottom. 

In  hammering  they  had  to  be  handled  tenderly  at  first.  After 
going  over  the  surface  once,  the  bloom  was  treated  like  ordinary 
steel.  It  was  found  that  it  hammered  best  at  a  slightly  lower  tem- 
perature than  is  usual  with  steel.  It  rolled  well  into  rails,  the  heat 
and  other  conditions  remaining  the  same  as  usual.  Rails  similar 
to  the  above  have  been  laid  down  on  English  and  French  railroads, 
and  are  giving  good  results. 

Mr.  William  Kent,  Pittsburgh. — "Wearing  power  is  not  depen- 
dent upon  hardness  alone,  but  upon  both  hardness  and  cohesion. 
Thus  an  alloy  of  copper  and  tin  (speculum  metal),  is  so  hard 
that  it  cannot  be  scratched  with  a  file,  yet  in  attempting  to  grind  it 
on  a  grindstone  it  instantly  flies  in  splinters.  It  is  intensely  hard^ 
but  throughout  its  structure  there  exist  planes  of  weakness  through 
which  the  material  may  be  broken  with  almost  a  touch.  A  mass  or 
structure  can  be  imagined  consisting  of  very  small  diamonds,  held 
too;ether  bv  some  weak  cementing;  material.  The  diamonds  are  hard 
enough,  but  the  structure  which  they  make  might  be  so  weak  that 
it  would  not  resist  abrasion.  It  may  be  the  same  with  hard  steel 
rails.  The  steel  may  contain  enough  carbon,  phosphorus,  and  other 
"  hardeners"  to  be  very  hard,  and  even  to  have  great  tensile  strength, 
but  there  may  exist  throughout  the  structure  such  planes  of  weak- 
ness between  the  hard  particles,  that  these  particles  might  be  easily 
abraded.  Hardness  may  or  may  not  be  accompanied  by  brittleness 
and  defective  wearing  power. 

So  much  has  been  said  in  reference  to  the  influence  of  chemical 
composition  on  wearing  power  that  Dr.  Dudley's  physical  tests, 
made  with  the  Thurston  torsion  machine,  seem  to  have  been  lost 
sight  of.  Of  the  rails  which  crushed  or  broke  in  service,  in  every 
case  but  two,  the  tensile  strength  was  75,000  pounds  or  above,  and 
the  elongation  20  per  cent,  or  below,  while  of  the  rails  which  did 
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not  crush  or  break  in  service,  with  but  one  exception,  the  tensile 
strength  is  between  05,000  and  75,000  pounds  per  square  inch  and 
the  elongation  21  per  cent,  or  above.  If,  as  Dr.  Dudley  says,  the 
specifications  had  required  that  rails  should  have  a  tensile  strength 
of  over  65,000  pounds  and  an  elongation  of  over  20  per  cent.,  every 
rail  without  exception  which  crushed  or  broke  in  service  would 
have  been  rejected.  Referring  to  the  diagram  it  will  be  seen  that 
every  bad  rail  had  a  low  percentage  of  elongation,  20  per  cent,  or 
below,  while  every  good  rail  had  a  high  percentage  of  elongation, 
21  per  cent,  or  above.  The  physical  tests,  therefore,  give  a  very 
plainly  marked  dividing  line  between  the  good  and  bad  rails.  If 
upon  more  extensive  experiments  it  should  be  found  that  this  rela- 
tion of  the  results  of  physical  tests  to  wearing  power  is  general  and 
not  accidental,  why  not  base  the  specifications  upon  physical  tests 
alone,  and  not  upon  chemical  analysis?  If,  for  instance,  it  could  be 
proved  that  a  rail  of  which  a  test  specimen  would  show  between  65,- 
000  and  75,000  pounds  per  square  inch  tensile  strength,  and  over 
20  per  cent,  elongation,  was  always  a  good  rail,  and  that  a  rail  of 
which  the  test  specimen  had  either  under  65,000  or  over  75,000 
pounds  tensile  strength,  or  under  20  percent,  elongation,  was  always 
a  bad  rail,  what  would  it  matter  to  the  railroad  companies  if  the 
first  rail  contained  .2  and  the  second  only  .1  phosphorus?  If  a 
constant  relation  can  be  found  between  the  wearing  power  and  the 
results  of  physical  test,  and  if  the  physical  test  can  be  cheaply  and 
conveniently  made,  it  would  appear  sufficient  for  the  railroad  com- 
panies to  make  the  physical  test  the  basis  of  the  specification,  and 
leave  to  the  steel  manufacturers  the  more  difficult  c^uestion,  from 
both  the  scientific  and  commercial  standpoints,  of  determining  what 
should  be  the  chemical  composition  of  the  rail. 

Mr.  a.  S.  McCreath,  Chemist  of  Second  Geological  Survey  of 
Pennsylvania,  said  (referring  to  the  discussion  of  the  effect  of  other 
elements  than  those  referred  to  in  Dr.  Dudley's  papers),  I  have  ana- 
lyzed some  steel  made  from  Cornwall  pig  iron,  which  contained  over 
half  of  one  per  cent,  of  copper.  The  steel  w^orked  well,  there  was 
no  trouble  in  the  rolling  mill,  and  the  rails  were  sent  out  of  the 
works  as  standard  No.  1  rails.  I  have  also  analyzed  Bessemer  steels 
containing  quite  a  large  percentage  of  chromium — an  element  which 
seems  to  have  been  overlooked  in  the  discussion.  The  chromium 
made  the  steel  very  hard,  and  when  present  in  an  appreciable  quan- 
tity, the  percentage  of  carbon  had  to  be  reduced  so  as  to  prevent  the 
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steel  from  becoming  too  hard  and  unfit  for  rails.  I  have  found 
arsenic  in  some  irons,  but  the  amount  present  was  very  small  and 
its  effects  were  not  observed. 

De.  R.  W.  Raymond,  New  York. — It  has  sometimes  seemed  to 
me  that  the  supposed  difference  between  hardness  and  cohesion  is 
simply  one  of  the  size  of  the  units  of  structure  and  their  homogeneity 
or  symmetrical  balance  of  internal  tensions.  A  substance  like  glass, 
for  instance,  may  be  pronounced  hard  when  its  molecules  resist  sepa- 
ration by  the  projecting  points  or  edges  of  a  file,  so  that  the  one 
being  pressed  against  the  other,  the  molecules  of  the  file  give  way 
first.  The  units  of  structure  here  acted  upon  in  the  glass  are  small, 
and  the  effect  of  vibration  in  developing  lines  of  weakness  due  to  in- 
ternal tensions  is  not  perceptible.  But  striking  the  glass  with  the 
same  file  we  find  it  is  brittle.  It  flies  to  pieces,  because  the  lines  or 
surfaces  of  weakness  separating  its  larger  units  are  developed  by  vi- 
bration, and  because,  moreover,  the  force  actually  brought  to  bear  is 
much  greater,  and  cannot  be,  in  this  case,  relieved  by  the  separation 
of  the  molecules  on  the  file.  They  are  merely  compressed  by  the 
blow.  Now  the  multiplying  effect  of  vibration,  concentrating  the 
molecular  motions  at  single  points,  is  well  known  ;  and  it  is  not  to 
be  wondered  at,  if  bodies  which  are  both  hard  and  highly  elastic, 
even  though  hardness  be  but  a  manifestation  of  cohesive  power,  should 
show  what  we  call  brittleness.  Finall}",  the  wear  of  a  rail  is  not 
merely  abrasion,  but  hammering  also.  If  cars  had  runners  instead 
of  wheels,  those  rails  which  were  hardest  would  undoubtedly  wear 
longest  (apart  from  breakages).  Hence  the  test  of  the  quality  of 
surface  required  for  rails  should  include  something  more  than  mere 
abrasion  ;  and  in  testing  by  abrasion  to  determine  hardness,  due  re- 
gard should  be  had  to  the  size  of  the  units  acted  upon  ;  and  this  de- 
pends upon  the  condition  of  the  surfaces  brought  together,  and  the 
nature,  direction,  and  speed  of  the  pressure  and  motion  imparted. 

It  is  self-evident  that  Dr.  Dudley's  paper  cov'ers,  and  was  meant 
to  cover,  but  a  limited  range.  As  he  is  well  aware,  thousands  of 
tons  of  serviceable  steel  rails  have  been  manufactured  lower  in  car- 
bon and  higher  in  phosphorus  than  the  most  extreme  cases  he  has 
included.  But  these  have  been  made  in  the  open  hearth ;  and  so 
far  as  the  ordinary  Bessemer  manufacture  is  concerned.  Dr.  Dudley 
has  covered  the  range  of  that  process  as  it  is  represented  in  the  rails 
of  the  Pennsylvania  Railroad.  We  all  agree  that  in  the  determina- 
tion of  the  limited  data  available  for  his  purpose  he  has  been  thor- 
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oiijrli  and  precise  ;  and  we  must  admit  that  he  has  a  right  to  try  to 
express  tlic  results  in  a  fbrmuhi  whicli,  within  certain  limits,  will 
give  the  chemical  constitution  of  a  good  rail.  To  meet  this  formula 
l)v  adducing  instances,  within  the  same  limits,  which  it  does  not  ex- 
])lain,  is  legitimate  criticism;  and  if  the  data  are  equally  certain  and 
complete,  comprising  not  only  analyses  but  physical  tests  and  the 
tests  of  actual  service,  the  criticism,  I  think,  would  force  either  the 
change  of  the  formula  or  the  change  of  the  limits  for  each  ingredient 
within  which  it  is  supposed  to  be  practically  correct.  But  to  say 
that  it  is  a  mere  guess,  and  that  any  other  guess  might  do  as  well, 
is  to  ignore  the  mathematical  argument  which  attaches  a  high  degree 
of  prt)bal)ility  to  a  series  of  coincidences.  Whether  a  phosphorus 
unit,  or  a  ''  hardener  "  unit,  or  a  steelifying  unit  of  measurement  be 
possible  for  the  practical  guidance  of  the  manufacturer  and  purchaser 
is  indeed  an  oj)en  question.  But  experience  shows  that  there  is  a  rela- 
tion of  some  kind  between  the  ingredients  of  a  good  rail ;  that  to 
maintain  the  desired  quality  one  ingredient  must  be  increased  or 
diminished  as  another  is  varied. 

The  expression  of  this  relation  may  be  far  more  complicated  than 
Dr.  Dudley  has  suggested;  but  if  it  is  to  be  found  at  all,  it  must  be 
found  by  guessing,  which  is  a  recognized  step  in  the  processes  of  the 
inductive  philosophy.  A  hypothesis  is  a  guess,  and  Dr.  Dudley's 
guess  harmonizes  with  his  facts,  Avhich  is  no  small  thing.  Here  we 
have  twenty-five  equations,  each  containing  five  unknown  quantities, 
and  Dr.  Dudley's  values  for  these  quantities  satisfy  all  the  equations. 
I  have  no  doubt  he  guessed  a  good  deal  and  tried  a  good  many  solu- 
tions before  he  came  down  to  this  one.  I  notice,  for  instance,  that 
the  numerical  relation  between  carbon  and  phosphorus,  ])\\i  for- 
ward, I  believe,  at  Terrenoire,  is  not  adopted  by  him;  and  I  pre- 
sume it  was  discarded  because  it  would  not  fit  his  data.  Gentlemen 
who  underrate  the  labor  involved  in  arriving  at  such  a  hypothesis, 
and  deem  it  easy  to  guess  out  a  formula  like  this,  are  invited  to  give 
us,  out  of  their  abundant  facility,  a  guess  that  will  do  half  as  well. 

These  remarks  are  not  an  indorsement  of  Dr.  Dudley's  formula, 
but  rather  a  protest  that  it  should  neither  be  overrated  as  to  its 
claims  nor  underrated  as  to  its  merits. 

JNIpx.  William  P.  Shixx,  Edgar  Thomson  Steel  Works,  Pitts- 
burgh, Pa. — In  my  opinion  Dr.  Dudley  has  been  very  seriously 
misunderstood  or  misrepresented  in  regard  to  the  views  expressed  by 
him  in  his  two  papers  read  at  the  Lake  George  meeting,  regarding 
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the  chemical  and  wearing;  qualities  of  steel  rails.  It  has  been  gener- 
ally supposed  that  Dr.  Dudley  claimed  to  have  proved  the  correct- 
ness of  a  theory,  and  to  have  established  a  principle  in  regard  to  the 
comparative  hardening  value  of  the  chemical  elements,  phosphorus, 
silicon,  carbon,  and  manganese,  giving  them  relative  values  in  the 
order  of  their  names  of  5,  2|,  If,  and  1  respectively ;  or  1,  h,  |,  and  i, 
the  "1"  in  the  latter  representing  a  so  called  phosphorus  unit,  and 
claiming  also  that  the  hardening  effect  due  to  their  aggregate  presence 
in  steel  would  be  found  to  be  equal  to  the  sum  of  tj\eir  several 
separate  effects  and  the  hardening  effect  of  the  corresponding  per- 
centage of  phosphorus  as  represented  by  the  scale  above  referred  to. 
So  widely  has  this  idea  become  disseminated  that  I  have  had  within 
the  past  month  letters  from  three  parties  with  whom  we  had  con- 
tracts requesting  that  their  rails  be  made  "according  to  the  Pennsyl- 
vania Railroad  specifications,"  as  described  in  a  certain  paper  (refer- 
ring to  a  republication  of  Dr.  Dudley's  paper),  and  stating  that  rails 
constituted  as  provided  in  Dr.  Dudley's  formula  "  had  been  found  to 
give  the  best  results  in  practice."  I  do  not  understand  that  Dr.  Dudley 
has  assumed  to  have  established  a  principle,  but  that  on  the  con- 
trary, he  has  simply  brought  forward  an  hypothesis,  the  correctness 
of  which  remains  to  be  established,  and  in  so  doing,  I  think  that  Dr. 
Dudley  has  rendered  very  valual)le  service,  both  to  the  manufac- 
turers and  to  the  consumers  of  steel  rails.  While  it  appears  from 
the  paper  referred  to  that  the  hypothesis  therein  stated  does  reason- 
ably well  account  for  and  correspond  to  the  difference  in  physical 
characteristics  exhibited  by  the  rails  under  investigation,  yet  it  must 
be  stated  as  a  very  plain  criticism  thereon,  that  the  number  of  speci- 
mens investigated  was  entirely  too  small  to  prove  a  theory,  and  that 
the  attempt  to  fix  the  chemical  qualities  of  500,000  tons  or  more  of 
steel  rails,  which  are  to  be  manufactured  this  year,  upon  an  investiga- 
tion covering  twenty-five  specimens,  is  building  a  pyramid  upon  its 
apex.  Not  only  do  I  consider  it  very  doubtful  whether  the  harden- 
ing effects  of  the  several  desig-nated  elements  are  in  the  ratio  of  the 
numbers  stated,  but  still  more  do  I  doubt  whether  we  have  sufficient 
evidence  upon  the  subject  to  even  warrant  an  hypothesis  that  the 
combined  effect  of  the  several  hardeners  is  equal  to  the  sum  of  their 
several  effects  when  taken  individually.  On  the  contrary,  it  is  within 
the  experience  of  most  steelmakers  that  as  the  phosphorus  goes  up 
the  manganese  must  also  be  increased,  and  (as  is  well  known  to  be 
the  claim  of  the  Terrenoire  process  of  manufacturing  high  phos- 
phorus steel)  that  if  the  carbon  be  kept  down  at  the  same  time  no 
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undue  hardening  takes  place.  To  show  that  the  physical  character- 
istics as  to  tensile  strength  and  elongation  do  not  alvvays  correspond 
to  the  phosphorus  units,  as  claimed  in  general  terms  by  Dr.  Dudley, 
I  present  herewith  a  statement  of  ten  S])ecimens  of  steel  rails  which 
were  procured  for  Dr.  Dudley,  and  tested  by  him,  or  under  his  direc- 
tion, on  the  Thiu'ston  torsion  machine,  with  the  results  given  in  the 
table  below.  I  have  had  them  carefully  analyzed  by  three  chemists, 
and  present  opposite  to  each  the  number  of  phosphorus  units  accord- 
ing to  Dr.  Dudley's  formula,  as  ascertained  by  each  of  the  three 
chemists,  as  follows : 
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27 
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24 
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26 
15 
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3.79  i  15.66 
3.78    1  14  97 
3.78      14.77 

3.80  14.56 
3  80      14  9(1 

31.44 
29.00 
28.40 
27.69 
26.48 
24.99 
8.46 
1.32 
0.85 
0.65 

46.97 
40.77 
42.43 
49.50 
47.04 
48.02 
42.76 
44.12 
50.49 
49.36 

50.41 
49.17 
46.25 
50.17 
50.13 
49.02 
45.91 
49.21 
45.30 
46.46 

51.09 
52.87 

48  69 
44.97 
44.34 
49.83 
48.58 
48.52 
44.33 
46.66 
47.89 
47.91 

9 
3 
2 
10 

8 
7 
1 
4 
5 
6 

Good. 
Bad. 

3.80 
3.39 
2.98 
2.90 
2.74 

13.75 
7.72 
3.00 
2.40 
2.12 

54.08 
50.88 
53.79 

The  above  table  gives  the  length  (corresponding  with  the  elonga- 
tion) and  the  height  (corresponding  with  the  tensile  strength  of  the 
specimens)  in  the  order  of  the  greatest  length  or  elongation. 

While  the  determinations  of  the  three  chemists  referred  to  (all  of 
whom  are  in  good  repute  as  chemists  of  Bessemer  works)  do  not 
agree  with  that  exactness  that  is  certainly  desirable,  yet  they  agree 
substantially  in  indicating  that  the  pho.'^phorus  units  do  not  at  all 
correspond  to  the  elongation  of  the  specimens.  As  will  be  noticed, 
the  first  two  specimens,  Xos.  27  and  18,  give  diagrams  respect- 
ively, 15.66  and  14.97  inches  in  length,  while  the  last  two  speci- 
men.?, Nos.  25  and  23,  give  diagrams  respectively,  2.40  and  2.12 
inches  in  length ;  and  yet  tlie  phosphorus  units  of  No.  25  are 
shown  by  all  the  chemists  to  be  less  than  those  of  Xo.  27,  while 
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the  phosphorus  units  of  No.  23  are  shown  to  be  a  little  in 
excess  of  Nos.  27  and  18  by  two  of  the  chemists,  and  even  less  by 
the  third.  The  appearance  of  the  specimens  themselves  certainly  in- 
dicates a  very  great  difference  in  physical  characteristics,  while  the 
difference  in  the  various  chemical  elements  between  Nos.  27  and  18 
are  quite  as  great  as  between  Nos.  18  and  25,  the  t\YO  former  num- 
bers, 27  and  18,  being  the  highest  two  of  the  series,  while  No.  25  is 
next  to  the  lowest  in  elongation.  It  would  be  interesting  to  pursue 
this  subject  further,  but  I  have  not  the  data  to  enable  me  to  form 
any  satisfactory  conclusion,  but  the  table  above  given  shows  that  Dr. 
Dudley's  hypothesis  is  far  from  being  applicable  to  the  specimens 
therein  referred  to. 

Again  I  notice  in  Dr.  Dudley's  reference  to  the  paper  of  R.  Price 
Williams,  he  gives  the  following  as  indicating  the  substantial  correct- 
ness of  the  phosphorus  unit  theory,  one  rail  of  each  pair  being 
designated  as  hard  and  the  other  as  soft: 


Hard. 

Tonnage  per  1-16 

Soft. 

Tonnage  per  1-16 

No.        P.  U. 

inch  wear. 

No. 

P.  U. 

inch  wear. 

17          38 

.     5.251.000 

18 

30 

.     8.402.000 

23         47 

.   15.531.000 

24 

25 

.  31.061.000 

22        40 

.     9.283.000 

21 

33 

.     7.07G.OOO 

In  the  above  series  it  will  be  seen  that  while  of  the  rails  desig- 
nated as  soft,  two  show  a  higher  tonnage  duty  than  those  desig- 
nated as  hard,  the  third,  No.  21,  shows  a  lower  tonnage  duty  than 
No.  22  designated  as  hard,  while  if  No.  23  be  compared  with  No.  18 
it  will  be  seen  that  there  the  hard  rail  has  given  nearly  double  the 
tonnage  duty  of  No.  18  designated  as  a  soft  rail.  While  there  may 
not  be,  and  indeed  I  do  not  claim  that  there  is,  anything  in  this  to 
prove  that  the  hard  rail  wears  better  than  the  soft,  I  refer  to  it  sim- 
ply as  indicating  that  it  is  far  from  proving  that  soft  rails  invariably, 
or  even  generally,  wear  better  than  hard. 

As  a  manufacturer  of  .steel  rails  I  am  deeply  interested  in  all  that 
tends  to  throw  light  upon  the  complex  questions  involved  in  their 
chemical  constitution  and  physical  manipulation,  and  shall  welcome 
all  investigations  of  the  character  of  that  made  by  Dr.  Dudley ;  but 
I  feel  that  it  is  quite  important  that  we  should  not  hastily  jump  to  a 
conclusion  which  may  leave  us  in  a  worse  position  than  before  the 
investigation.  As  it  is  we  should  investigate  with  the  view  of  en- 
deavoring to  arrive  at  a  proper  and  satisfactory  conclusion. 

As  a  matter  of  interest  to  the  members,  I  will  here  mention  that 
the  fall  of  the  Gla.sgow  Bridge,  in  process  of  erection  over  the  Mis- 
souri River,  has  indicated  remarkable  capacity  for  resistance  to  shock 
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on  the  part  of  tlie  steel  tlierein  employed,  \vhich  was  of  the  variety 
known  as  "  Hay  "  steel,  manufactured  by  the  Edgar  Thomson  Steel 
Company,  Limited,  by  the  Bessemer  process.  It  was  at  first  an- 
nounced that  no  members  had  been  broken  by  the  fall,  but  the  facts 
as  subsc(iucutly  ascertained,  while  not  quite  so  remarkable  as  this 
would  indicate,  are  sufficiently  so  to  admit  of  repetition  here. 

A  span  of  that  bridge,  314  lectin  length,  was  so  nearly  completed 
that  in  six  hours  more  it  would  have  been  self-sustaining,  when  the 
false  works  were  taken  out  by  ice  and  the  whole  structure  fell  into 
the  Missouri  River  by  buckling  in  the  centre.  The  Iieightof  the  top 
chord  was  102  feet  and  of  the  bottom  chord  72  feet  above  the  water. 
The  total  weight  of  steel  on  the  false  works  was  about  160  tons.  Of 
that  amount  there  was 

Entirelj'  iininjurod,  about,  .....  50  tons 

Kequiring  sliijht  repairs,      ......  30  tons 

Requiring  heavy  repairs,      ......  20  tons 

Requiring  to  be  renewed,     ......  60  tons 

Of  which  latter  20  tons  consisted  of  eye  and  chord  bars  which  were 
only  bent.  Of  213  eye-bars  (rolled  upon  Kloman's  mill),  only  four 
were  broken.  Careful  investigation  showed  that  there  was  not  a 
single  break  which  started  from  a  flaw,  and  not  a  rivet  broken  in 
the  whole  structure,  the  rivets  being  of  the  same  material  as  the  rest 
of  the  structure. 

This  is  certainly  a  very  satisfactory  test  of  the  first  all-steel  bridge 
in  this  country. 

Dr.  Chas.  B.  Dudley — In  replying  to  the  criticism  which  has 
thus  far  been  made  on  my  work  on  steel  rails,  I  wish  first  of  all  to 
express  my  high  appreciation  of  the  very  kind  and  considerate  tone 
which  has  pervaded  everything  that  has  been  uttered,  and  my  hope 
that  in  what  I  may  say  I  shall  be  equally  fortunate  in  manner. 

I  have  made  a  few  notes  during  the  progress  of  the  discussion  and 
will  speak  from  them.  And  in  the  first  place  I  should  like  to  say 
that  I  think  broken  rails  are  not  the  important  matter  they  were  a 
few  years  ago.  When  I  tell  you  that  the  total  number  of  broken 
rails  on  the  Pennsylvania  Railroad  Division  of  the  Pennsylvania 
Railroad,  including  about  1G50  miles  of  track,  was,  during  the  year 
1878,  43  rails,  and  that  four  years  ago  the  number  for  the  same 
division  was  273  rails,  I  think  you  will  agree  with  me  that  in  this 
day  of  railroads  broken  rails  are  a  small  matter,  and  that  the 
question  for  the  rail  manufacturers  is  not  now  simply  to  make  rails 
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which  will  not  break  in  track.  The  reason  for  this  state  of  things 
is  that  during  the  last  five  years  that  department  of  railroad  manage- 
ment M'hich  is  called  Maintenance  of  Way,  as  well  as  almost  every 
other  department,  has  vastly  improved  in  efficiency.  I  am  sure  I 
speak  what  every  Pennsylvania  Railroad  man  knows  to  be  true 
when  I  say  that  the  present  standard  of  maintenance  of  track  is  50 
per  cent,  in  advance  of  what  it  was  five  years  ago.  The  truth  is 
that  a  well-spiked  rail,  laid  on  good  wliite  oak  cross-ties,  eighteen 
inches  from  centre  to  centre,  with  stone  ballast  well  rammed  under 
the  ties,  and  double  angle  splice-bars  with  nuts  well  screwed  up,  is 
a  tremendously  strong  combination,  and  one  capable  of  resisting 
enormous  strain.  I  have  never  heard  any  estimates  of  the  factor  of 
safety  in  such  a  track  as  this,  but  it  must  be  very  high. 

We  have  recently  had  made  at  Altoona  a  series  of  physical  tests 
of  rails  taken  from  track,  and  out  of  a  series  of  some  fifty  or  sixty 
tests  representing  as  many  rails,  no  less  than  six  proved  on  test  to 
be  little  better  than  cast  iron.  The  fracture  was  almost  exactly  like 
that  of  fine,  close  cast  iron ;  the  tensile  strength,  it  is  true,  was 
higher,  but  the  elongation  was  only  a  little  greater  than  good  cast 
iron  ought  to  give.  And  yet  these  rails  were  in  the  track  for  over 
two  years,  and  that,  too,  without  causing  accident.  I  think  it  safe 
to  repeat,  therefore,  a  well-spiked  rail  on  good  cross-ties,  with  track 
in  good  order,  is  a  combination  of  very  great  powers  of  resistance, 
and  that  the  matter  of  broken  rails  is  not  the  main  question. 

On  the  other  hand  crushed  rails  are  a  very  much  more  important 
matter.  By  crushed  rails  I  mean  rails  which  split  or  laminate,  or 
go  to  pieces  in  the  track.  And  here  again  I  am  sure  I  speak  what 
every  man  connected  with  Maintenance  of  Way  of  Pennsylvania 
Eailroad  knows  to  be  true,  when  I  say  that  more  rails  are  taken 
from  the  track  on  account  of  beino;  crushed  than  from  anv  other 
single  cause. 

A  new  rail  is  laid  in  track  and  subjected  to  service.  Xow  with 
all  the  care  we  are  able  to  bestow  it  is  not  always  possible  to  prevent 
low  joints,  and  the  consequence  is  that  every  time  a  wheel  passes 
over  this  joint  the  end  of  the  rail  gets  a  blow.  Or,  again,  a  wheel 
becomes  flat  from  sliding,  and  every  time  this  flat  place  comes  around 
there  is  a  blow  on  the  track.  In  addition  to  these  blows  there  is 
constantly  the  great  weight  of  the  locomotives  and  cars  tending  to 
crush  and  disintegrate  the  steel  in  the  rails,  and  the  sidewise  thrust 
of  the  mass  of  the  locomotives  or  the  cars,  especially  at  curves  and 
at  high  speed,  which  in  combination  with  the  weight  and  possibly  with 
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the  blows  before  montionc(l,pnts  a  strain  on  tlie  licad  of  the  rail  which 
it  needs  ffood  metal  to  withstand.  AVliat  do  we  find  to  be  the  effect 
of  these  influences  on  the  new  rail?  Sometimes  after  oidy  six  or 
eight  months,  and  sometimes  after  a  year  and  a  half,  and  sometimes 
after  a  longer  period,  the  new  rail  either  splits  at  the  end,  or  pieces 
split  off  from  the  sides  of  the  head,  or  at  different  places  along  its 
whole  length  it  becomes  battered  down,  laminated,  and  crushed. 
Some  rails  never  batter  or  crush,  never  show  any  signs  of  disintegra- 
tion, their  whole  life  is  made  up  of  honest  wear,  while  others  go  to 
pieces  in  the  manner  described  within  a  year  from  the  time  they  are 
first  laid  in  the  track. 

Now  as  to  the  cause  of  this  crushing  and  goi-ng  to  pieces  of  the 
rails  there  seems  to  be  a  difference  of  opinion.  The  steel- rail  manu- 
facturers seem  inclined  to  think  it  is  almost  entirely  due  to  physical 
defects  in  the  steel.  Some  say  that  the  "  bottoni-cast"  is  the  cause  of 
it,  and  some  that  whatever  method  of  casting  you  use  it  is  not  always 
possible  to  secure  solid  ingots,  and  that  pipey  ingots,  or  ingots  full 
of  blow-holes,  will  give  rails  in  which  these  pipes  or  blow-holes  are 
simply  lengthened  out,  and  consequently  there  is  a  physical  defect  in 
the  rails  which  requires  only  the  strain  of  service  to  develop  into 
what  may  be  called  a  crushed  rail.  Indeed,  one  of  the  presidents  of 
one  of  the  important  steel  w^orks  on  the  line  of  the  Pennsylvania 
Railroad,  recently  said  to  me :  "  The  pictures  of  the  crushed  rails 
which  you  show  in  your  report  are  nothing  else  than  what  we  call 
'  split  ends,'  and  are  due  to  imperfections  in  the  ingot.  If  these  rails 
had  been  cut  off  two  or  three  feet  shorter  they  would  never  have 
crushed." 

In  reply  to  these  criticisms  I  beg  leave  to  say,  that  while  I  do 
not  deny  that  physical  defects  may,  and  undoubtedly  in  many  cases 
do,  occasion  failure  in  the  rail,  I  am  far  from  being  ready  to  allow 
that  another  and  deeper  cause  is  not  responsible  for  a  large  amount 
of  this  failure.  As  I  said  in  reply  to  this  same  president,  "  In  my 
opinion  what  you  technically  call  'split  ends,'  and  say  is  due  to  im- 
perfections in  the  ingot,  is  nothing  more  than  a  scapegoat  which 
has  been  made  to  bear  the  sin  of  an  enormous  amount  of  poor  steel." 
And  my  reasons  for  thinking  that  imperfect  ingots  are  not  the  sole 
cause  of  crushed  rails  are  these:  If  any  of  you  will  take  the 
physical  tests  of  the  series  of  rails  described  in  the  report  which  Ave 
are  discussing,  and  subject  them  to  a  little  examination,  you  will 
find,  I  think,  a  clearly  marked  difference  in  tensile  strength  and 
elongation   between   those    rails  which   did   not  crush  or  break  in 
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service  and  those  which  did  break  or  crush  iu  service.  Again,  if 
you  will  turn  over  to  the  analyses  of  the  series  you  will  find  there 
just  as  clearly  marked  a  difference  between  the  crushed  and  un- 
crushed  rails  in  chemical  composition.  I  submit  to  you  therefore 
the  question.  If  we  find  in  a  series  of  steel 'rails,  part  of  which  have 
given  good  service  and  a  part  bad  service,  a  clearly  defined  differ- 
ence in  the  chemical  composition  and  physical  properties  of  the 
steel,  is  it  not  fair  to  attribute  at  least  a  part  of  the  failure  to  the 
quality  of  the  steel  itself?  Every  one  knows  that  a  hanl,  brittle 
metal  is  more  liable  to  crush  and  disintegrate  under  blows  and  strain 
than  a  softer,  tougher  metal.  So,  when  you  say  to  me  that  if  a  rail 
had  been  cut  off  two  or  three  feet  shorter  it  would  never  have 
crushed,  I  reply,  if  you  will  come  with  me  and  walk  over  the 
tracks  of  the  Pennsylvania  Railroad,  as  did  my  friend  Captain 
Jones  of  the  Edgar  Thomson  Steel  Works  a  few  days  ago,  I  will 
show  you  rails  which,  according  to  this  dictum,  would  need  to  be  cut 
in  two  in  the  middle,  and  both  ends  thrown  away  ;  I  will  show  you 
rails  sound  at  both  ends  and  crushed  in  the  middle;  and  if  this  fails 
to  satisfy  you  that  physical  defects  are  not  the  only  cause  of  crushed 
rails,  I  will  show  you  rails  more  or  less  crushed  or  disintegrated 
throughout  their  whole  length.  I  repeat,  therefore,  that  while  I  am 
not  willing  to  say  that  I  think  physical  defects  are  not  responsible 
for  a  part  of  the  trouble,  I  am  willing  to  say  that  I  think  the 
quality  of  the  steel  must  be  held  accountable  for  no  small  share  of 
the  failures.  And  just  here  I  may  be  permitted  to  say  that,  in  my 
judgment,  the  ultimate  criterion  by  which  a  steel  rail  should  be 
judged,  the  one  by  which  consumers  are  already  beginning  to  judge 
rails,  and  by  which  they  will  judge  them  more  and  more  in  the 
future,  is  not  by  what  the  rail  does 'not  do,  but  by  what  it  does  do; 
not  by  the  fact  that  the  rail  does  not  crush  or  break  in  service,  but 
that  it  endures  long  and  hard  service.  To  railroad  men  the  im- 
portant question  is :  After  the  track  is  once  equipped  with  steel 
rails,  how  long  will  it  be  before  those  rails  must  be  renewed?  And 
in  these  times  when  railroads,  like  all  other  lines  of  business,  are 
looking  most  vigorously  after  their  expenditures,  the  question  of 
renewal  of  rail  equipment  comes  home  with  a  force  that  it  is  im- 
possible to  pass  by  unheeded.  And  it  seems  to  me — let  me  say  it 
with  all  modesty — that  the  direction  in  which  our  efforts  to  secure 
rails  of  longer  life  must  tend,  is  at  least  indicated  by  the  conclu- 
sions as  to  chemical  composition  which  are  embodied  in  the  report 
which  we  are  discussing. 
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A  moment  now  as  to  Mr,  TTunt's  critirism  of  my  statement  tliat 
"tlie  less  silicon  in  the  rail  the  better."  I  see  nothing  in  the  data 
which  Mr.  Hunt  brings  forward  to  cause  me  to  seriously  modify  or 
change  that  statement.  I  am  entirely  ready  to  confess  that  there  is 
nothing  in  my  results  to  show  that  a  rail  with  more  silicon  in  it 
would  not  give  good  service.  And  still  it  seems  to  me  that  my 
statement  is  defensible  notwithstanding.  That  statement  was  made 
with  this  thought  in  mind,  that  of  the  four  substances  aiFecting  the 
quality  of  steel — carbon,  phosphorus,  silicon,  and  manganese — the 
silicon  is  the  one  which,  with  our  present  metallurgical  methods  is 
easiest  reduced  to  a  minimum.  If  now  I  am  correct  in  believing 
that  steel  rails  made  in  this  country  according  to  present  Bessemer 
practice  contain  already  too  much  hardening  material,  I  think  no 
one  will  say  that,  as  long  as  the  other  hardening  constituents  remain 
as  they  are,  the  silicon  sliould  be  increased.  In  other  words,  of  the 
impurities  existing  in  pig  iron,  wliich  the  conversion  into  steel 
simply  diminishes  in  amount,  the  phosphorus  we  cannot  remove,  a 
certain  amount  of  carbon  and  manganese  are  considered  essential  to 
the  successful  manufacture  of  the  steel,  and  these  three  hardening 
constituents  being  according  to  present  practice,  in  my  opinion, 
already  too  high,  it  seems  to  me  nothing  but  common  sense  to  say 
in  reference  to  the  silicon,  which  with  present  methods  we  are  able 
to  reduce  to  a  minimum,  the  less  in  the  rail  the  better.  As  to  the 
question  whether  it  would  not  be  advisable  to  diminish  the  amount 
of  carbon  and  manganese  a  little  and  increase  the  silicon,  I  am  un- 
able to  express  an  opinion  ;  but  I  hardly  think  even  Mr.  Hunt 
would  have  us  think  so  for  no  stronger  reason  than  that  he  happened 
to  find  from  one-tenth,  to  three-tenths  of  silicon  in  a  number  of 
samples  of  crucible  steel,  in  which,  if  I  am  right,  the  silicon  is  there 
not  because  it  is  wanted,  but  because  the  crucible  steel  makers  cannot 
help  it;  nor  because  one  rail  with  a  full  amount  of  other  harden- 
ing constituents  has  a  little  over  four-tenths  of  silicon,  and  has  not 
broken  or  crushed  in  service. 

As  to  the  question  of  phosphorus  units,  there  seems  to  be  a  little 
misunderstanding  of  my  position.  I  most  devoutly  believe  that  if 
the  different  substances  affecting  the  quality  of  steel,  act  alike  in  any 
one  particular,  it  is  not  only  correct  but  philosophic  to  take  into 
account  their  combined  influence  when  we  attempt  to  measure  the 
value  of  the  steel  in  that  particular.  In  other  words,  if  carbon, 
phosphorus,  silicon,  and  manganese  each  and  all  tend  to  make  a 
piece  of  steel  brittle,  it  is  entirely  correct,  in  judging  of  the  value 


398  DISCUSSION   OF    DR.    CHARLES    B,    DUDLEy's 

of  a  piece  of  steel  as  to  its  brittleness,  to  take  into  account  the  com- 
bined influence  of  these  substances.  Still  further,  if  equal  amounts 
of  each  of  these  substances  make  steel  brittle  in  different  degrees,  it 
is  obvious  that  to  get  a  correct  measure  of  their  combined  influence 
we  must  estimate  them  all  in  the  same  unit. 

Now,  that  each  of  the  substances,  phosphorus,  carbon,  silicon,  and 
manganese,  do  tend  to  make  steel  brittle,  I  think  there  is  very  little 
doubt.  The  everyday  experience  of  every  Bessemer  works  in  the 
country  affords  evidence  of  the  fact  that  if  these  substances  are  in 
excess  in  a  piece  of  steel,  that  piece  of  steel  will  be  cold-short  or 
brittle.  That  I  have  hit  upon  the  right  numbers  by  means  of  which 
to  estimate  the  combined  influence  of  these  substances  on  the  steel,  I 
have  never  said  and  do  not  claim.  The  hypothesis  of  phosphorus 
units  is  offered  as  a  means  of  measuring  steel  which,  when  the  right 
numbers — be  they  those  which  I  have  suggested  or  not —  are  ascer- 
tained, will  prove,  as  I  think,  of  no  small  value.  But  again,  I  hope 
no  one  has  understood  me  as  saying,  or  meaning  to  convey  the  idea, 
that  I  think  two  pieces  of  steel,  identical  in  phosphorus  units,  will 
have  physical  qualities  identical  in  all  respects.  For  example,  a 
piece  of  steel  in  which  the  phosphorus  units  were  principally  made 
up  of  phosphorus,  would  undoubtedly  have  a  different  tensile 
strength  from  one  in  which  the  same  number  of  phosphorus  units 
were  principally  carbon  ;  or,  again,  a  piece  of  steel  in  which  the  phos- 
phorus units  were  principally  phosphorus  would  undoubtedly  work 
differently  and  weld  differently  from  a  piece  in  which  the  same 
number  of  phosphorus  units  were  principally  silicon.  Or,  once  more, 
a  blow  of  steel  in  the  ladle  in  which  the  phosphorus  units  were  prin- 
cipally manganese  would  undoubtedly  cast  better  than  one  in  which 
the  same  number  of  phosphorus  units  were  principally  phosphorus. 
The  examples  might  be  largely  multiplied,  but  perhaps  enough  has 
been  said  to  make  the  point  clear.  What  then,  you  say,  do  you 
mean  by  phosphorus  units?  I  reply  that  the  conception  to  which  I 
have  tried  to  apply  the  hypothesis  of  phosphorus  units,  is  that  pecu- 
liarity of  these  substances  by  which  they  make  steel  brittle.  And 
when  I  say  a  piece  of  steel  is  brittle,  I  use  the  word  in  its  primary 
signification,  viz.,  that  a  brittle  piece  of  steel  -will  not  suffer  much 
distortion  without  rupture.  The  ultimate  question,  therefore,  to 
which  the  conception  of  phosphorus  units  leads  is  this :  Will  a  piece 
of  iron  containing  three-tenths  of  a  per  cent,  of  phosphorus  and  noth- 
ing else;  a  piece  of  iron  containing  six-tenths  of  silicon  and  noth- 
ing else;  a  piece  of  iron  containing  nine-tenths  of  carbon  and  noth- 
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ing  else;  and  a  piece  of  iron  containing  one  and  a  half  per  cent,  of 
manganese  and  nothing  else,  I  say,  will  these  four  samples  of  iron 
or  steel,  whichever  you  choose  to  call  them,  all  give  the  same  elon- 
gation? Of  course  I  have  no  experimental  data  to  show  that  such 
would  be  the  case,  and,  as  I  said  before,  I  simply  offer  the  concep- 
tion of  phosphorus  units  for  your  consideration  and  criticism.  It 
must  stand  or  fall  on  its  merits,  aud  there  I  am  content  to  leave  it. 

A  few  words  now  in  reference  to  the  investigation  which  has  led 
to  this  discussion,  and  I  am  done.  There  have  been  few  investiga- 
tions made,  I  think,  in  which  there  was  less  bias  from  previously 
formed  opinions  or  prejudices  than  this,  and  the  investigation  was 
undertaken  with  not  more  than  half  a  hope  on  my  part  that  it  would 
lead  to  anything  valuable.  Indeed,  I  plainly  told  the  officers  of  the 
road  that  I  might  work  six  months  at  the  problem,  and  spend  a 
thousand  dollars  on  it,  and  then  not  be  able  to  tell  them  a  single 
thing  that  would  be  of  use  to  them.  Still  further,  I  did  not  myself 
select  the  rails  of  the  series;  they  were  sent  me  by  number,  and  I  knew 
almost  nothing  about  them  until  my  work  was  finished.  The  ques- 
tion proposed  to  me  was:  Is  there  a  chemical  and  physical  difference 
between  rails  which  have  given  good  service  and  those  which  have 
not  given  good  service?  The  physical  tests  were  of  course  made  first, 
and  then  borings  for  analysis  were  taken  from  the  test-pieces.  The 
chemical  analyses  were  then  made,  and  finally  the  tonnages  and  com- 
plete history  of  the  samples  were  computed  and  written  out.  The 
results  of  the  physical  tests  were  not  computed,  nor  was  any  attempt 
made  to  study  the  results  at  all  until  the  work  was  all  done.  Mr. 
Ely,  Superintendent  of  Motive  Power,  asked  me,  when  the  analyses 
were  finished,  what  I  knew,  and  I  told  him  I  knew  nothing.  Grad- 
ually, however,  as  the  results  began  to  be  studied,  as  the  results  of 
the  physical  tests  began  to  be  compared  with  the  analyses,  and  as  the 
tonnages  began  to  come  in,  the  whole  matter  began  to  take  shape. 
Everything  fell  into  line,  and  it  almost  might  fairly  be  said  that  the 
results  of  all  the  work  arranged  themselves  in  the  shape  in  which 
they  are  presented  in  the  rejiort. 

So  much  for  the  work  and  the  manner  of  doing  it.  But  you  here 
say,  and  the  same  in  effect  has  been  said  to  me  by  others,  "  We  do  not 
quarrel  with  your  work,  nor  with  the  results  you  have  obtained,  but 
with  the  conclusions  which  you  have  drawn  from  them."  In  reply 
I  say  there  are  twenty-five  analyses  of  steel  rails  which  have  been  in 
actual  service,  made  with  all  the  care  and  skill  which  I  was  capable 
of  using ;  there  are  twenty-three  physical  tests  which  were  made  by 
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Mr.  J.  AV.  Cloud,  \yho  has  charge  of  the  department  of  Physical 
Tests  at  Altoona;  and  there  are  tlie  tonnages  and  history  of  each 
rail  of  the  series  which  have  been  prepared  as  carefully  and  accurately 
as  it  was  possible  to  obtain  them.  And  now  if  you  do  not  like  my 
conclusions,  draw  your  own  conclusions.  And  how  any  man  who  is 
candid  and  fair  can  draw  any  other  conclusions  from  the  data  than 
these,  viz.  (1.),  that  there  is  a  physical  difference,  and  there  is  a 
chemical  difference  between  rails  which  have  actually  given  good 
service  and  those  which  have  given  bad  service  on  the  Pennsylvania 
Railroad,  and  (2)  that  this  difference  consists  in  the  fact  that  the 
good  rails  contain  less  of  the  hardening  constituents,  carbon,  phos- 
phorus, silicon,  and  manganese,  than  the  bad  ones,  is  more  than  I 
can  comprehend.  Indeed  I  do  not  see  how  it  is  possible  to  escape 
these  two  conclusions,  however  you  look  at  the  results. 

If  you  do  not  like  my  division  of  the  rails  into  those  which 
crushed  or  broke  in  service,  and  those  which  did  not  crush  or  break 
in  service,  divide  them  strictly  according  to  the  tonnage.  Call  the 
eleven,  or  twelve,  or  thirteen  of  the  rails  with  the  highest  tonnage 
good  rails,  and  the  remainder  poor  rails,  and  then  take  the  average 
results  of  the  analyses  and  physical  tests  of  each  series,  and  still  you 
have  the  same  conclusions.  Still  further,  throw  the  question  of 
phosphorus  units  entirely  out  of  the  report  and  make  your  formula 
to  guide  you  in  your  practice  by  taking  the  average  of  the  analyses 
of  the  good  rails,  dividing  the  series  into  good  and  bad  rails,  as  I  have 
done,  or  according  to  the  tonnages,  as  above  described,  just  as  you 
choose,  and  still  you  have  the  same  conclusions,  viz.,  that  the  good 
rails  differ  from  the  bad  rails  in  chemical  composition ;  and  this  dif- 
ference is  that  the  good  rails  have  lower  carbon,  phosphorus,  sili- 
con, and  manganese  than  the  bad  ones. 

These  two  conclusions  seem  to  me  to  embody  the  most  important 
results  of  the  work  which  we  are  discussing,  and  I  hardly  see  how  it 
is  possible  to  escape  from  them.  The  only  unanswerable  criticism  that 
has  been  made  to-day  is,  that  the  series  of  rails  analyzed  is  not  large 
enough  to  warrant  us  in  drawing  satisfactory  conclusions  from  them. 
I  am  free  to  confess  that  I  wish  as  heartily  as  you  can  that  the  series 
had  been  larger ;  but  I  think  the  series  is  large  enough  to  warrant 
us  in  regarding  the  conclusions  which  it  teaches  as  indications,  and 
pretty  satisfactory  ones,  too,  of  the  direction  in  which  our  efforts 
must  tend  in  trying  to  secure  better  rails. 

My  friend.  Captain  Jones,  said  a  short  time  ago  :  ^'  We  know  that 
the  formula  suggested  in  the  report  will  give  us  a  good  rail,  and  our 
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efforts  as  steelmakers  should  be  to  see  if  some  other  formula  will  not 
give  as  good  a  rail."  To  which  I  say,  yes,  with  all  my  heart;  but 
submit  to  you,  if  in  the  mean  time,  while  the  experiments  at  securing 
good  rails  on  other  formulae  are  being  made,  it  is  not  only  good  sense, 
but  also  wisdom  and  good  policy  for  the  Pennsylvania  Railroad 
to  ask  to  have  its  rails  made  on  a  formula  which  its  experience 
teaches  it  will  give  a  satisfactory  life  and  wear. 

Mr.  J.  W.  Cloud,  of  Altoona  :  For  the  purpose  of  drawing  the 
most  valid  conclusions  that  can  be  obtained  from  so  limited  a  num- 
ber of  specimens  of  Bessemer  steel  as  those  included  in  Dr.  Dudley's 
interesting  and  very  instructive  paper,  read  before  this  body  in 
October  of  last  year,  I  have  taken  23  of  his  25  analyses,  this  being 
the  total  number  of  samples  of  which  torsion  tests  were  made,  and 
have  formed  23  equations  between  the  content  as  shown  by  chemical 
analysis  on  the  one  side  and  the  length  of  diagram  given  on  the 
torsional  machine  on  the  other  side,  and  have  solved  the  23  equations 
thus  formed  by  the  method  of  least  squares  for  the  most  probable 
value  of  the  influence  of  a  unit  of  each  substance  in  the  steel  on  the 
length  of  the  diagram. 

A  second  series  of  equations  similarly  formed,  but  with  height  of 
the  diagram  substituted  in  the  right  hand  member  of  the  equations 
in  place  of  the  length  of  diagram,  has  been  solved  in  the  same  way 
for  the  most  probable  value  of  the  influence  of  a  unit  of  each 
substance  found  in  the  steel  on  the  height  of  diagram. 

Again,  a  third  series  of  equations  with  height  of  diagram  at  elastic 
limit  for  the  right  hand  member  of  each  equation  has  given  me  the 
value  that  can  most  rationally  be  assigned,  from  the  information  be- 
fore us,  to  the  influence  of  one  unit  of  each  substance  in  the  steel 
on  height  of  diagram  at  the  elastic  limit. 

Before  stating  this  more  in  detail,  let  me  recall  to  you  the  follow- 
ing facts  about  the  diagram  given  on  the  torsional  machine.  The 
diagram  obtained  is  an  automatic  record  showing  the  twisting 
moment  that  the  test-piece  was  subjected  to  at  every  instance  dur- 
ing the  test,  together  with  the  angle  through  which  each  torsional 
moment  has  twisted  one  end  of  the  piece  relatively  to  the  other  end. 
It  therefore  gives  from  the  height  of  diagram,  at  the  breaking-point, 
the  torsional  moment  required  to  break  the  piece,  and  from  the  total 
length  of  diagram  it  gives  the  total  angle  through  which  the  piece 
had  to  be  twisted  to  break  it  with  these  torsional  moments.  The 
former  is  approximately  proportional  to  the  tensile  strength  of  the 
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metal,  while  the  latter  gives  directly  the  maximum  elongation  of  an 
outside  fibre  which  is  greater  than  the  elongation  in  a  tensile  test, 
but  approximates  to  the  maximum  elongation  in  tensile  test,  which 
occurs  in  a  differential  portion  of  the  original  length  at  the  point 
where  fracture  finally  takes  place,  but  Avhich  we  never  measure. 
We  distribute  this  over  some  portion  as  2,  4,  or  5  inches  on  the 
whole  length  of  the  bar,  and  therefore  get  a  reduced  percentage  of 
elono;ation  in  tensile  test.  The  diag'ram  also  skives  information  about 
the  strength  of  the  metal  at  elastic  limit,  together  with  other  pecu- 
liarities at  this  point  which  could  only  be  determined  by  the  finest 
and  most  elaborate  measurements  from  a  tensile  machine.  In  short, 
the  torsional  diagram,  when  thoroughly  understood,  is  a  more  com- 
plete indication  of  the  qualities  of  the  metal  than  any  other  single 
test  that  I  am  familiar  with  to  M'hich  it  can  be  subjected. 

To  resume  after  this  digression,  I  have  assumed  entire  absence  of 
all  impurities  not  determined  and  not  reported  in  the  analyses,  and 
have  taken  the  iron  in  each  by  difference  between  the  sum  of  carbon, 
phosphorus,  manganese,  and  silicon,  and  one  hundred  per  cent.  Con- 
sider now  one  one-hundredth  of  one  per  cent,  of  each  of  the  five 
substances  in  the  steel  as  a  unit  of  that  substance,  viz.:  Fe.,  C,  P., 
Mn.,  and  Si.  respectively — also  consider  ^l-^th  of  1  inch  a  unit  of 
measurement  on  the  diagram,  and  let 

u  =  influence  of  a  unit  of  Fe.  on  the  length  of  diagram, 
y  -_  u  u  u  p  a  (c  a 

■^  -_  a  a  a  p  a  a  u 

J  —  u  a  u  j^jj^^      a  u  (( 

z  =         "         "         ''  Si         "  "  " 

Supposing  the  process  of  manufacture  to  be  constant  in  all  the 
minute  details  of  manipulation  which  influence  the  physical  proper- 
ties of  the  steel,  and  that  those  properties  are  modified  solely  by  the 
variation  in  two  or  more  of  the  constituents,  we  can  write  the  fol- 
lowing equations,  if  it  is  understood  that  the  results  of  their  solution 
are  provisional  on  the  foregoing  assumptions,  and  that  they  only 
apply  to  steels  in  the  range  of  variation  of  ingredients  found  in  the 
analysis,  for  the  influence  of  the  impurities  per  se  may  vary  outside  of 
this  according  to  other  laws  of  which  we  can  take  no  cognizance. 
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Klastic 
LenKtli.        Height.         limit. 

9906u  +  34v+    8x  +  46y+  6z  =  1370  =  311  =  115 

9924  u  +  28v  +  llx  +  34y  -+-  3z=  1270  =  279  =  107 

9923u  +  29v+    6x  +  35y+  7z  =  1260  =  292  =  118 

9945u  +  23v+    4x  +  21y+  7z  =  1750  ^  270  =  108 

9927u  +  31v+    6x  +  33y+  3  z  =  1480  =  282  =  103 

9912u  +  35v-f-    8x  +  41y+  4z  =  1240  =  302  =  111 

9927  11  + 23  v+    9x  +  36y+  5z  =  1510  =  284  =  118 

9933  u  +  22  V  +  11  X  +  32y  +  2  z  =  1300  =  272  =  103 

9919u  +  29v+    8x  +  42y+  2  z  =  1490  =  312  =  160 

9891  u  +  35  V  +  10  X  +  58  y  +  6  z  =  1340  =  328  =  122 

9941  u  +  22  V  +  .  7  X  +  27  y  +  3  z  =  2170  =  275  =  107 

9918  u  +30v  +  17x  +  32y  +  3z  =  1200  =  312  =  125 

9882  u  +  34v  +  13  x  +  67y  +  4  z  =  1210  =  310  =  118 
9916  u  +  29  V  +  18  X  +  35y  +  2  z  =  1170  =  323  =  120 
9902  u  +  37  V  +  13  x  4  46  y  +  2  z  =  820  =  250  =  94 
9832  u  +  57v  +    8x  +  85y  +  18z  =  1010  =  423  =  169 

9883  u  +  35  V  +  13  X  +  63  y  +  6  z  =  1050  =  332  =  130 
9898  u  +  32  V  +  14  X  +  52  y  +  4  z  =  1060  =  330  =  131 
9905  u  +  39  V  +  13  X  +  38  y  +  5  z  =    850  =  332  =  120 

9893  u  +  42v  4-  16x  +  46y  +  3z  =  1020  =  336  =  116 
9913u  +  30v  +  14x  +  41y  +  2z=  1020  =  271=  95 
9885u  +  39v+    6x  +  67y+  3z=    670  =  296  =  114 

9894  u  -h  36  V  +  16  X  +  51  y  +  3  z  =  1110  =  323  =  120 

The  coefficients  of  the  several  unknowns,  u,  v,  x,  y  and  z,  on 
the  left  side  of  the  equations  being  the  number  of  units  of  each  of 
these  substances  in  the  steel,  and  the  three  values  in  the  right  hand 
member  being  the  length,  height  and  elastic  limit  of  the  diagrams 
respectively,  we  have  ti)ree  se|)arate  series  of  equations  to  be  solved 
independently,  as  already  explained,  by  the  method  of  least  squares. 
They  are  put  down  in  this  way  simply  to  economize  space. 

The  solution  of  these  equations  gives  the  three  following  systems 
of  values  with  their  proper  and  necessary  signs  for  u,  v,  x,  y  and  z. 


Elimgation. 

Tens,  strength. 

Elast.  limit. 

u  +      .237 

+    .019 

+    .008 

V  —  29.54 

+  1.191 

+  1.191 

x  —  15.8 

+  3.212 

—    .409 

y_    3.694 

+    .342 

—    .086 

z  +  39.8 

+  6.292 

+    .548 
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These  values  substituted  back  into  the  original  equations,  and  the 
figures  obtained  compared  with  the  original  right  member,  show  the 
following: : 


LENGTH. 

HEIGHT. 

HEIGHT  AT  ELASTIC  LIMIT. 

Measured. 

Calculated. 

Measured 

Calculated. 

Measured. 

Calculated. 

1370 

1287 

311 

309 

115 

116 

1270 

1346 

279 

288 

107 

107 

1260 

1551 

292 

298 

118 

112 

1750 

1816 

270 

280 

108 

107 

1480 

1341 

282 

275 

103 

113 

1240 

1198 

302 

295 

111 

116 

1510 

1598 

284 

289 

118 

103 

1300 

1493 

272 

274 

103 

99 

1490 

1294 

312 

276 

160 

108 

1340 

1178 

328 

319 

122 

115 

2170 

3616 

275 

266 

107 

102 

1200 

1198 

312 

308 

125 

107 

1210 

1046 

310 

328 

118 

111 

1170 

1161 

323 

305 

120 

105 

820 

960 

250 

302 

94 

115 

1010 

925 

423 

422 

169 

146 

1050 

1111 

332 

330 

130 

113 

1060 

1148 

330 

314 

131 

109 

850 

1050 

332 

321 

120 

120 

1020 

802 

336 

324 

116 

120 

1020 

1171 

271 

296 

95 

107 

670 

970 

296 

295 

114 

119 

1110 

* 

961 

323 

318 

120 

113 

These  values  and  signs  for  u,  v,  x,  j  and  z,  mean  that  the  sub- 
stance represented  by  each  of  these  letters  increases  or  decreases  the 
measurement  of  the  diagram  under  consideration  according  as  the 
sign  is  plus  or  minus,  and  at  the  rate  given  by  the  figures.  I  wish 
to  be  understood,  however,  in  saying  that  these  values  are  only 
tentative — that  they  are  the  most  probable  values  from  the  data 
before  us,  and  that  they  should  be  corrected  by  the  application  of 
the  same  method  to  a  larger  number  of  samples  where  special  care 
has  been  taken  to  make  the  manufacture  constant  and  to  get  good 
solid  uniform  te.'st- pieces.  I  do  not  anticipate,  however,  that  the.se 
values  will  be  very  greatly  altered  quantitatively,  and  perhaps  very 
few  if  any  of  them  changed  qualitatively,  i.  e.,  in  sign. 
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If  bv  this  method  I  have  succeeded  in  disen tang-lino;  the  bundle 
of  influences  in  each  of  the  twenty-three  equations,  and  in  ascribing 
to  each  element  its  most  probable  share  in  quality  and  magnitude  in 
the  final  result,  I  have  succeeded  in  what  I  have  undertaken,  and  the 
above  table  of  values  becomes  useful  until  it  can  be  made  more 
accurate  by  a  greater  number  of  samples,  examined  with  a  special 
view  of  establishing  correct  values,  which  would  necessitate  an  accu- 
rate determination  of  all  the  impurities  in  the  steel. 

It  would  appear  from  these  values  that  manganese  is  a  miniature 
phosphorus,  so  to  speak,  i.  e.,  it  has  similar  influences  on  the  elastic 
limit,  tensile  strength  and  elongation,  as  shown  by  the  same  signs  in 
each  case,  but  the  influence  is  of  much  less  magnitude  than  phos- 
phorus, its  effect  in  decreasing  elastic  limit  and  elongation  being 
one-fifth  as  great  as  that  of  phosphorus,  while  its  effect  in  increas- 
ing tensile  strength  is  only  one-tenth  as  great  as  that  of  phosphorus. 
Further,  it  appears  that  manganese  is  the  only  one  of  those  in  ques- 
tion wdiich  has  similar  influences  to  phosphorus  all  through;  carbon 
is  similar  to  phosphorus  as  to  tensile  strength  and  elongation,  but 
it  has  a  contrary  sign  to  phosphorus,  and  a  value  of  large  magnitude 
as  regards  elastic  limit.  Further,  silicon  is  opposed  to  phosphorus, 
and  an  antidote  to  it  and  manganese  as  regards  elongation  and  elastic 
limit,  but  is  with  them  in  increasing  tensile  strength,  and  that  at  a 
high  rate. 

Unfortunately  I  have  not  yet  a  large  number  of  samples,  not  in- 
cluded in  above  equations  of  analyses  and  physical  tests,  to  apply 
these  values  to  for  verification  or  otherwise,  but  by  the  date  of 
the  next  meeting  of  the  Institute  I  hope  to  be  able  to  communicate 
something  more  in  this  direction. 

Dr.  Dudley,  said  he  would  make  a  few  adverse  criticisms  as  a 
means  of  calling  more  attention  to  this  matter.  He  did  not  quite 
agree  with  Mr.  Cloud's  mathematical  views.  He  questioned  whether 
there  is  anything  equatable  between  the  chemical  contents  of  the 
steel  expressed  in  hundredths  of  one  per  cent,  and  the  elongation 
of  the  diagram  expressed  in  hundredths  of  inches.  To  his  mind 
a  diagram,  being  a  record  of  the  tensile  strength  and  elongation, 
is  a  resultant  belonging  principally  to  the  iron  modified  by  the 
constituents  in  the  steel,  namely,  carbon,  phosphorus,  silicon,  and 
manganese.  If  a  diagram  obtained  from  pure  iron  could  be  checked 
with  the  test  diagrams  published,  and  the  differences  between  them 
could  be  reached,  figures   equatable  with  the  constituents  entering 
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into  the  steel  could  be  got.  For  example,  if  a  pure  iron  should 
give  a  diagram  50  inches  long,  while  the  length  of  a  diagram  of 
a  piece  of  steel  were  only  15  inches,  some  difference  in  the  consti- 
tution of  the  two  would  be  the  cause  of  the  modification.  Again, 
following  out  the  values  obtained  by  Mr.  Cloud  seems  to  lead  to 
absurdity.  Thus,  if  one-hundredth  of  one  per  cent,  of  iron  gives,  as 
in  Mr.  Cloud's  table  of  values,  an  elongation  of  0.23  of  an  inch, 
100,  or  pure  iron,  would  yield  a  diagram  of  about  23  inches.  This 
is  a  short  diagram,  even  for  steels  containing  as  high  as  0.10  per 
cent,  of  phosphorus,  0.35  to  0.40  per  cent,  of  manganese,  and  0.455 
per  cent,  of  carbon.  A  diagram  of  carbon  alone  would  be  2954 
inches  minus — that  is,  no  diagram  at  all;  and  this  would  apply 
similarly  to  phosphorus  and  manganese,  both  of  which  have  minus 
signs.  The  values  for  these  constituents,  he  urged,  had  been  arrived 
at  by  regarding  them  in  a  parallel  way  with  iron,  by  which  pro- 
cess the  values  of  some  of  the  principal  substances  would  not  give 
a  diagram  at  all — they  would  give  a  negative  diagram.  He  re- 
peated his  doubts  as  to  the  equatability  between  the  unit  of  meas- 
urement of  the  diagram  and  the  contents  expressed  in  hundredths 
of  one  per  cent. 

Dr.  R.  W.  Raymond  said  that  Dr.  Dudley's  arithmetical  objec- 
tion that  there  was  nothing  equatable  there,  would  be  deprived  of 
much  of  its  force  if  the  author  of  the  paper  had  worded  the  equa- 
tions a  little  more  carefullv.  The  fio-ures  need  not  be  chano;ed  at 
all,  but,  instead  of  saying  u  stands  for  iron,  he  might  begin  by 
basing  the  whole  calculation  on  the  assumption  that,  if  a  given 
weight  of  a  given  ingredient  lias  a  certain  measurable  quantity 
of  effect,  then  twice  that  weight  would  have  twice  that  effect.  It 
is  assumed,  first  of  all,  that  if  a  certain  amount  of  iron  possesses  a 
certain  effect,  twice  that  ingredient  will  produce  twice  that  effect; 
u  stands  for  the  effect  of  a  unit  of  iron,  and  v  for  the  effect  of  a  unit 
of  the  next  element,  so  that,  if  these  units  are  added  together,  a  sum 
is  arrived  at  which  is,  in  some  way  or  other,  a  function  of  the  meas- 
urement of  the  diagram,  and  Dr.  Dudley  would  be  entirely  dis- 
armed if  the  letter  m  were  written  before  each  unknown  quantity. 
The  latter  would  appear  in  every  part  of  the  table  and  would  not 
hurt  anything.  Dr.  Dudley's  criticism,  he  thought,  applied  to  the 
way  of  reading  the  equation.  It  was  a  question,  not  of  resultants, 
but  of  relations.  Dr.  Raymond  said  that  the  only  point  to  which 
he  wished  to  reply  was  the  statement  that  there  was  not  a  fair  basis 
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for   calculation,  simply  because    there  was    no   arithmetical   equa- 
tability. 

Prof,  T.  Egleston:  Since  it  is  clearly  proven  that  the  chemist 
is  incapable  of  solving  this  problem,  I  think  he  ought  to  surrender  it 
to  the  physicist.  I  cited,  at  the  Baltimore  meeting,  analyses  of  irons 
and  steels  that  were  chemically  faultless,  and  yet  they  were  physi- 
cally worthless.  I  also  cited  rails  which  I  examined  in  1873,  which 
were  up  to  the  contract  stij)ulations  with  regard  to  mechanical  tests, 
and  yet  were  worthless  as  rails,  having  been  broken  in  the  track 
and  failing  to  show  uniformity  of  physical  condition  for  more  than 
two  feet  in  the  length  of  the  rail.  I  think  it  is  fully  time  that  the 
physicist  took  the  place  of  the  chemist. 

Dr.  Raymond  replied  that  chemical  and  physical  investigations 
are  inseparably  combined,  and  that  an  indispensable  requirement  for 
samples  which  are  to  be  chemically  investigated  was  that  they  be 
manipulated  exactly  alike  physically  and  mechanically.  The  absence 
of  such  uniformity  introduced  some  uncertainty  into  Mr.  Cloud's 
deduction,  who  liad  frankly  admitted  that  to  be  the  greatest  fault 
connected  with  his  attempt  to  supply  a  new  method  of  investigation. 

Mr.  W.  R.Jones,  of  the  Edgar  Thomson  Steel  Works. — Having 
already  taken  part  in  the  discussion  at  the  Baltimore  meeting  as  to 
what  constitutes  a  good  steel  rail,  I  did  not  intend  to  add  more  to 
the  discussion  at  this  meeting,  but  the  recent  interest  excited  by  the 
purchase  by  Mr.  Yanderbilt  of  steel  rails  in  Europe,  and  the  state- 
ments that  have  been  made  that  English  steel  rails  are  superior  to 
the  American,  seem  to  call  for  some  comment. 

A  hr'xef  resume  of  the  causes  that  led  to  the  investigations  of  Dr. 
Dudley  in  the  interest  of  the  Pennsylvania  Railroad  may  here  be  in 
order.  It  was  evident  that  certain  steel  rails  had  not  given  good 
results;  naturally  enough  these  rails  were  tested  chemically  and 
physically  to  ascertain  if  they  differed  from  those  that  gave  good  re- 
sults, and  after  testing  twenty-five  specimens.  Dr.  Dudley  prepared 
and  submitted  his  views  based  on  the.se  tests  to  the  proper  officers  of 
his  company.  All  the  prominent  officers  connected  with  the  manu- 
facture of  steel  rails  for  the  Penn.sylvania  Railroad  Company  were 
invited  to  Altoona  to  discuss  Dr.  Dudley's  paper  and  to  suggest  im- 
provements or  alterations.  In  this  matter  the  Pennsylvania  Rail- 
road Company  has  displayed  good  judgment  and  a  laudable  desire 
to  get  at  the  true  facts  of  the  case.  I  am  sorry  to  say  that  the  manu- 
facturers did  not  meet  the  Pennsylvania  Railroad  Company  in  the 
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same  spirit,  and  after  spending  an  afternoon  in  a  very  reserved 
discussion  of  the  matter,  wliich  was  entirely  unsatisfactory  to  all 
concerned,  Mr.  William  P.  Sliinn  recommended  that  Dr.  Dudley 
present  the  paper  before  the  next  meeting  of  this  Institute,  which 
would  result  in  a  full  discussion.  So  far  this  has  only  been  partly 
realized,  as  but  two  Bessemer  steel  works  have  so  far  been  represented 
in  the  discussion. 

At  the  Baltimore  meeting  I  stated  that  there  was  no  question  but 
that  Dr.  Dudley's  formula  would  make  a  good  rail,  and  that  this 
fact  could  not  be  controverted,  as  the  rails  had  been  fully  tested  in 
the  track.  Since  the  Baltimore  meeting  I  have  discovered  the  fact 
that  Dr.  Dudley  allows  the  manufacturer  to  use  his  own  judgment 
with  regard  to  copper  and  sulphur,  which  renders  his  formula,  in 
my  opinion,  absolutely  Avorthless.  We  have,  I  think,  been  directing 
our  attention  too  closely  to  phosphorus,  and  have  neglected  the  in- 
fluence of  the  more  important  elements,  sulphur  and  copper. 

I  have  here  three  pieces  of  a  steel  rail  taken  out  of  the  track  of  the 
Pennsylvania  Railroad,  broken  for  convenience  in  transportation. 
This  rail  has  been  out  of  the  track  for  three  years,  and  as  it  was 
made  in  1872,  we  presume  that  it  was  in  the  track  about  three  years. 
You  will  notice  that  it  is  not  homogeneous,  as  you  will  find  that 
large  pieces  have  fallen  out  while  in  service.  Now  the  question  is, 
what  has  made  this  a  bad  rail  ?  It  is  the  excess  of  both  sulphur  and 
copper,  and  the  lack  of  a  proper  amount  of  manganese  to  neutralize 
their  bad  effects. 

Here  I  show  you  a  section  of  an  ingot  containing  thirty-two  of 
Dr.  Dudley's  phosphorus  units,  being,  therefore,  very  near  to  his 
formula.     It  contains : 

p.  u. 

Phosphorus, 0.111         11.1 

Carbon, 0.260  8.7 

Manganese, 0.560         11.2 

Silicon, 0.022  1.1 

Total  phosphorus  units,      ....    32.1 

This  ingot,  you  will  notice,  is  remarkable  for  its  large  cells  or 
honeycombs,  and  that  it  would  make  a  good  serviceable  steel  rail  I 
do  not  believe.  I  think  that  a  rail  made  from  it  would  in  service 
show  about  the  same  results  as  the  three  pieces  exhibited. 

The  first  thing,  in  my  opinion,  toward  making  a  good  serviceable 
steel  rail  is  to  make  a  sound  ingot,  free  from  porosity,  spongiuess,  or 
honeycombs,  and  as  hard  as  is  compatible  with  safety. 
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Tlie  two  pieces  of  ingots  that  I  now  exhibit  (which,  as  you  see, 
are  free  from  cells  or  porosity)  are  fair  samples  of  such  rail  steel. 
These  are  not  prepared  ingots.  We  break  ingots  frequently  to 
examine  their  structure  and  to  see  if  they  are  free  from  porosity. 
When  we  commenced  operations  at  the  Edgar  Thomson  Steel 
Works  it  was  thought  we  had  embodied  all  the  modern  im- 
provements. A  few  short  months  developed  the  fact  that  there  was 
room  for  improvement.  The  improvements  made  I  will  not  attempt 
to  enumerate ;  suffice  for  me  to  say,  that  after  they  were  made  instead 
of  the  Bessemer  process  being  the  uncertain  thing  it  was,  it  is  now  a 
very  reliable  process  for  manufacturing  steel  containing  carbon  as 
high  as  0.70,  and  as  low  as  0.04. 

The  success  of  the  Edgar  Thomson  Steel  Works  is  due  first,  to 
the  excellency  of  the  machinery  ;  second,  to  system  in  method  of 
working;  and  third,  to  closely  watching  the  machinery  and  not  al- 
lowing it  to  deteriorate.  All  the  superintendents  and  workmen  are 
instructed  that  quality  is  the  first  desideratum,  quantity  the  second. 
We  run  steadily  and  strongly,  the  output  being  between  2000  and 
2300  tons  of  ingots  weekly.  No  efforts  are  made  at  spurts,  which 
are  so  destructive  to  machinery.  This  system  will,  I  firmly  believe, 
give  the  rails  made  by  this  company  a  reputation  equal  to  the  very 
best. 

All  the  steel  is  subject  to  compression  by  steam,  of  the  patent  for 
which  this  company  is  the  exclusive  owner.  As  certain  parties  have 
claimed  that  compression  by  steam  has  no  merits,  I  will  state  a  few 
experiments  we  have  made  to  test  its  merits.  We  have  filled  a 
mould  to  within  eight  inches  of  the  top,  and  allowed  it  to  cool  of 
itself.  On  the  next  ingot  which  was  poured  to  the  same  height  the 
cover  was  clamped  and  subjected  to  a  steam  pressure  of  150  pounds 
to  square  inch.  On  removing  the  two  ingots  we  found  that  the  first 
one  poured  without  the  compression  had  swollen  and  filled  the  mould 
entirely,  while  the  one  subjected  to  the  pressure  had  been  forced 
down  from  one  and  three-quarters  to  two  inches,  being  a  difference 
in  vertical  height  of  ingot  of  say  ten  inches.  The  great  benefit  of 
this  compression  is  that  we  are  free  from  the  great  evil  of  split-end 
rails.  After  the  ingot  is  sufficiently  cooled  to  bear  transportation  it 
is  taken  to  the  heating  furnaces.  Ninety-nine  per  cent,  of  all  ingots 
cast  are  rolled  before  they  are  allowed  to  cool,  and  ninety-nine  per 
cent,  of  rails  made  are  rolled  from  hot  blooms  direct  from  the  bloom- 
ing mill,  being  reheated  before  they  are  rolled. 

I  have  thus  briefly  outlined  our  practice.     That  some  bad  rails 
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have  been  made  by  American  works  there  can  be  no  doubt.  The 
system  known  as  "  bottom  cast "  has  done  fearfully  bad  work,  yet 
to-day  this  system  has  advocates  who  think  it  superior  to  the  "  top" 
cast.  We  at  first  used  the  bottom  cast.  After  succeeding  in  casting 
ingots  with  holes  clear  through  them,  and  rolling  a  thirty-foot  rail 
split  from  end  to  end,  I  deemed  it  best  to  discard  it;  and  being  one 
of  the  quartet  of  patentees,  I  certainly  can  be  credited  with  being 
honest  in  my  condemnation  of  it.  The  bottom  cast  (if  two-rail  in- 
gots are  cast)  renders  one  end  of  each  rail  liable  to  split  ends — the 
top  end  from  piping  and  the  lower  end  from  bleeding.  Bottom 
casting  has  made  a  fearful  bad  record  for  American  rails. 

To  return  to  Dr.  Dudley's  formula.  The  idea  that  so  many  have 
imbibed  that  this  is  the  only  correct  formula,  must  be  dissipated. 
The  very  rails  that  Dr.  Dudley  has  classified  as  being  good  rails 
could  have  been  made  far  better.  The  reputation  of  John  Brown 
steel  rails  no  one  questions.  I  append  an  analysis  of  John  Brown 
steel  that  has  given  remarkably  good  service.  A  rail  in  the  Balti- 
more and  Ohio  track  eleven  and  one-half  years,  with  a  tonnage  of 

55,000,000  tons,  shows 

p.u. 

Phosphorus, 0.069  6.9 

Carbon, 0.360  12.0 

Manganese, 1.404  28.1 

Silicon, 0.124  6.2 

Sulphur, 0.071 

63  2 
Other  samples  of  this  steel  show 

Manganese,         ......  from  0.774  to  1.079 

Silicon, from  0  022  to  0.187 

Carbon from  0  026  to  0.590 

Phosphorus, from  0.104  to  0.500 

All  these  rails  having  done  good  service.  After  years  of  close  ob- 
servation, I  would  not  attempt  to  prescribe  any  particular  formula 
unless  I  was  conversant  with  the  irons  to  be  used,  and  at  the  Edgar 
Thomson  Works  the  formula  is  changed  to  meet  the  characteristics 
of  the  irons  used. 

I  exhibit  two  specimens  of  steel  rails  of  the  following  composition  : 

Phosphorus,    ..." 0.223 

Carbon, 0.120 

Silicon, 0  025 

Manganese,     ..........  0.387 

Phosphorus  units,  35.29. 
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Test  by  Thurston  machine : 

Tensile  strenijth  at  elastic  limit,      ....  39,750  pounds. 

Ultimate  tensile  strength, 78,892       " 

Percentage  of  elongation,         .....  37.9 

Angle  of  torsion, 1.74  degrees. 

This  is  a  near  approacli  to  the  Terrenoire  formula.  Since  the 
Baltimore  meeting  I  liave  had  some  correspondence  with  Colonel 
DeFuniak,  Chief  Engineer  of  the  Louisville  and  Xashville  Railroad, 
who  says  the  Terrenoire  rails  have  given  the  very  best  results  and  are 
made  as  surmised,  high  in  phosphorus,  low  in  carbon,  and  high  in 
manganese.  I  have  also  learned  from  one  of  the  inspectors  of  the 
Pennsylvania  Railroad  Company  that  the  Terrenoire  steel  on  the  New 
Jersey  Division  has  shown  very  good  results.  All  of  which  goes  to 
show  that  good  steel  can  be  made  from  quite  a  variety  of  formulae, 
and  that  phosphorus  in  rails  is  not  the  bad  fellow  we  have  claimed 
him  to  be,  and  that  while  we  have  condemned  phosphorus  only,  we 
have  entirely  overlooked  the  worse  elements,  sulphur  and  copper. 

The  bent  specimen  was  subjected  to  a  drop  test  of  thirty-six  feet, 
ram  weighing  1620  pounds,  with  bearings  three  feet  from  centre  to 
centre.  The  piece  had  to  be  reversed  before  it  could  be  broken, 
in  order  to  show  the  fracture  of  the  steel,  which  you  will  notice  is 
very  fine. 

As  a  fair  specimen  of  some  of  the  specifications  made  by  railroad 
companies,  I  citethat  of  a  prominent  railroad  company  for  1879,  which 
simply  says — carbon  between  30  and  50.  Now  I  would  undertake 
to  fill  this  order,  and  guarantee  every  rail  to  break  in  service  and  the 
greater  part  of  them  before  they  got  into  service,  and  yet  by  the  terms 
of  the  contract  and  their  specifications,  they  would  be  compelled  to  ac- 
cept every  rail  made.  Since  Dr.  Dudley's  paper  has  been  published, 
quite  a  number  of  railroad  engineers  have  based  their  specifications 
on  his  (Dr.  Dudley's)  formula,  but  are  always  very  careful  to  claim 
that  it  is  the  result  of  their  own  investigations;  and  for  the  benefit 
of  this  particular  class,  I  tell  them  that  they  will  get  for  their  trouble 
very  bad  rails.  The  very  makers  of  some  of  the  bad  rails  com- 
plained of  by  the  Pennsylvania  Railroad  Company  use  this  argu- 
ment for  their  justification.  They  say,  "  We  are  not  responsible  ;  they 
ask  us  for  a  guarantee  and  specify  how  rails  shall  be  made.  We  are 
not  to  blame;  let  them  allow  us  to  make  the  rails  as  we  deem  best, 
and  we  will  guarantee  better  results." 

An  official  of  a  prominent  road   prescribed  for  us  Dr.  Dudley's 
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formula  of  thirty  phosphorus  units,  after  getting  some  10,000 
tons  of  rails  from  another  mill,  with  the  following  as  a  sample 
analysis : 

Phosphorus, 0.22 

Carbon, 0.50 

Manganese,       .....,,...     1.20 

A  member  of  this  Institute  (Mr.  W.  A.  Sweet)  has  recently  pub- 
lished a  letter  in  which  he  says  that  there  is  no  doubt  that  English 
steel  rails  are  better  for  M'ear  than  the  American,  and  gives  as  the 
reason  that  the  rail  is  rolled  colder  in  the  finishing  passes.  I  quote 
from  his  letter :  "  The  superiority  of  wear  is  not  the  result  of  any  known 
reason  on  the  part  of  the  English  makers,  but  from  an  actual  unpre- 
meditated and  unstudied  fact — simply  this :  they  roll  the  rail  colder 
when  they  finish  it.  This  I  have  told  to  nearly  all  the  rail  makers  in 
the  country  and  they  heeded  it  not.  Now  they  have  the  fact  brought  to 
them  in  such  a  way  that  they  must  heed  it.  .  .  .  Your  readers  will 
ask  why  the  English  I'oll  their  rails  colder ;  and  I  answer,  for  the 
simple  reason  that  they  use  a  two-high  train  of  rolls,  and  they  cannot 
get  out  a  rail  as  hot  as  they  do  in  this  country.  I  have  argued  for  at 
least  six  years  that  Bessemer  steel  is  not  well  and  properly  manipu- 
lated for  any  such  wear  unless  rolled  cold  enough  to  set  the  scale.  All 
rollers  of  steel  know  well  what  this  term  means.  Were  I  a  steel- 
rail  maker  I  would  use  for  the  last  three  passes  a  polished  chilled 
roll,  and  roll  so  cold  that  the  rail  would  look  smooth  and  well  pol- 
ished. This  would  put  the  steel  in  proper  condition  to  wear;  and 
were  I  a  railroad  manager,  I  would  not  ask  a  guarantee  of  twelve 
years,  but  a  guarantee  of  so  many  thousand  wheels  tonnage,  and  I 
would  not  hav^e  any  rails  laid  down  tinder  my  management  unless 
they  were  rolled  as  I  have  herein  specified." 

Now  I  do  not  believe  that  any  amount  of  cold  rolling,  with  chilled 
or  unchilled  rolls,  would  make  a  good  rail  of  the  specimen  I  exhibit. 
Nor  can  I  see  any  necessity  for  the  luxury  of  chilled  rolls,  particu- 
larly when  we  consider  the  tendency  of  modern  rail  designers  for 
wide  thin  flanges.  Nor  should  Mr.  Sweet  have  made  so  sweeping  a 
charge  against  all  the  steel-rail  makers.  Mr.  Sweet  can  be  shown 
letters  from  the  officials  of  the  2s  ew  York  Central  Railroad,  in  which 
they  state  that  Troy  rails  have  given  equally  as  good  results  as  the 
very  best  foreign  rails.  I  myself  have  seen  Troy  rails  that  have 
been  in  a  sharp  curve  on  the  New  London  and  Northern  Railroad 
for  over  five  years,  that  show  but  little  wear  and  looked  good  for  at 
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least  ten  years  more.  The  Edgar  Thomson  has  rails  laid  for 
three  vears  on  a  heavy  grade  on  the  Pennsylvania  Railroad,  sub- 
jected to  the  heaviest  tonnage.  I  had  these  rails  carefully  measured 
by  three  competent  persons  accustomed  to  careful  measuring,  on 
last  Monday,  and  they  find  the  amount  of  wear  to  be  ^^^ths  of  an 
inch,  and  it  certainly  looks  as  if  these  rails  would  last  for  over  fifteen 
years. 

Mr.  Sweet's  assertion  that  the  English  roll  colder  than  we  do,  I 
do  not  think  can  be  sustained.  It  is  an  error  to  suppose  that  because 
they  use  two-high  rolls  that  they  roll  slower;  on  the  contrary,  they 
roll  faster,  as  Mr,  Holley  can  fully  explain. 

Xor  do  I  believe  that  if  Mr.  Sweet  owned  or  controlled  a  steel-rail 
mill  that  he  would  long  continue  to  use  chilled  rolls,  the  effect  of 
which  would  be  to  seriously  decrease  the  amount  of  elongation  under 
a  tensile  strain. 

Dr.  Dudley,  in  reply  to  Captain  Jones,  called  attention  to  the 
fact  that  he  had  in  his  original  paper  recommended  that  no  specifi- 
cation be  prescribed  for  sulphur,  because  a  piece  of  steel  containing 
too  much  of  that  substance  would  be  red-short,  and  could  be  rolled 
only  with  difficulty.  He  believ^ed  that  Captain  Jones  would  agree 
with  him  when  he  stated  that  steel  containing  not  over  0.30  per  cent, 
of  carbon,  not  over  0.10  per  cent,  of  phosphorus,  and  not  more  than 
0.34  per  cent,  of  manganese,  could  not  be  rolled  if  too  high  in  sul- 
phur. When  the  paper  came  to  be  published,  copper  was  included 
with  the  sulphur,  as  he  believed  that  the  former  acted  much  like 
the  latter  by  making  the  metal  red-short.  He  would  not  express 
an  opinion  on  the  subject  of  the  effect  of  sulphur  and  copper  on  the 
wearing  power  of  steel;  he  thought  that  it  affected  the  manufacturer 
more  than  the  buyer.  Captain  Jones,  he  said,  did  him  full  justice 
in  stating  that  he  (Dr.  Dudley)  had  brought  the  matter  forward 
with  the  intention  of  trying  to  get  better  steel.  He  should  be  more 
than  gratified  if  they  succeeded  ultimately  in  advancing  their  knowl- 
edge of  steel  as  regards  its  wearing  qualities,  no  matter  whether  the 
formula  he  had  given  did  or  did  not  make  the  best  rail. 
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AN  IMPEOVED  SYSTEM  OF  COBXISIl  PITWORK. 

BY  ELLSWORTH  DAGGETT,  MINING  ENGINEER,  SALT  LAKE  CITY,  UTAH. 

The  system  of  pitwork  used  with  the  Cornish  pumping  engine, 
and  which,  for  want  of  a  better  name,  we  may  call  the  Cornish  sys- 
tem of  pitwork,  consists  essentially  of  a  series  of  plunger-pumps,  sit- 
uated one  below  the  other,  in  a  shaft  or  incline,  the  i>lungers  being 
operated  by  a  rod  called  the  pitman  or  pump-rod,  which  must,  there- 
fore, extend  fi'om  the  motor  at  the  surface  to  the  lowest  pump. 

The  subject  will  be  best  understood  by  reference  to  Fig.  1,  in 
which  h  may  be  taken  as  typical  of  the  ordinary  plunger-pump, 
in  which  S  is  the  suction  pipe,  u,  the  lower  valve  situated  in 
the  H  piece  T;  v,  the  upper  valve  situated  in  the  valve-box  O;  I, 
the  mounting-pipe  or  column  through  which  the  water  is  carried 
to  the  surface;  L,  the  plunger-barrel,  and  P,  the  plunger  work- 
ing through  the  stuffing-box,  and  actuated  by  the  branch  rod  r, 
which  is  attached  to  the  main  pump-rod,  R.  The  action  of  the  pump 
is  as  follows :  On  the  ascent  of  the  plunger,  acting  now  by  suction, 
the  water  flows  from  the  reservoir  through  the  valve  u,  into  the 
barrel,  L.  On  the  descent  of  the  plunger,  the  water  is  forced  up 
through  the  valve,  v,  which  acts  merely  as  a  check  valve,  into  the 
pipe,  I,  through  which  it  is,  at  each  successive  down-stroke  of  the 
plunger,  forced  upward  until  it  reaches  the  next  reservoir,  from 
which  it  is  taken  by  another  similar  pump,  and  so  on  until  it  reaches 
the  surface  or  drain-tunnel.  The  })ump  is  obviously  only  single- 
acting,  i.  e.,  it  acts  only  during  one-half  of  its  entire  stroke. 

The  weight  of  water  raised  during  the  up-stroke  of  the  plunger  is 
equal  to  the  weight  of  a  column  of  water  whose  base  is  the  area  of 
the  plunger  and  whose  height  is  the  mean  distance  between  the 
plunger-face  and  the  surface  of  water  in  the  lower  reservoir,  a  dis- 
tance not  usually  exceeding  12  or  15  feet,  and  which  obviously  can- 
not under  the  most  favorable  circumstances,  exceed  25  or  30  feet. 

The  water  forced  up  during  the  down-stroke  is  equal  to  the 
weight  of  a  column  of  water  whose  base  equals  the  area  of  the  plun- 
ger and  whose  height  equals  the  length  of  the  mounting  column 
above  the  mean  position  of  the  plunger-face,  say  from  150  to  300 
feet.     Almost  all  of  the  useful  work,  therefore,  is  done  on  the  de- 
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scent  of  the  pumjj-rod.*  The  bottom  pump  of  the  Cornish  system 
has  usually  consisted  of  some  form  of  a  lift  pump  like  that  shown  in 
sketch  (see  Q),  known  as  the  Jack  head  pump,  or  better,  a  simple 
pump  barrel  surmounted  by  a  pipe  large  enough  to  allow  the  bucket 
to  be  withdrawn  and  to  contain  the  pump-rod,  thus  permitting  the 
replacement  of  the  bucket  and  even  of  the  lower  valve  when  the 
pump  is  submerged.  Usually  but  one  lift  at  the  bottom,  and  that 
the  shortest  lift  of  all,  is  operated  by  the  lift  pump,  and  in  some 
cases  the  plunger  pump  first  described  has  taken  the  place  even  for 
the  bottom  pump. 

The  height  of  lift  proper  for  a  plunger  pump  depends  on  the  du- 
ration of  the  leather  used  in  packing  the  valves,  these  latter  requir- 
ing renewal  oftener  with  a  high  than  with  a  low  column  of  water.  It 
is  really  then  a  compromise  between  too  frequent  renewals  of  the 
valves  on  the  one  hand,  and  too  great  multiplicity  of  pumps  and 
consequent  great  cost  on  the  other.  They  are  usually  placed  from 
200  to  300  feet  apart. 

Pump-rods. — The  main  pump-rod,  which  must  of  course  extend 
from  the  motor  to  the  lowest  pump,  is  usually  in  this  country  made 
of  wooden  rods  spliced  in  various  ways,  the  joints  and  attachments 
being  strengthened  by  iron  straps  and  bolts.  The  weight  of  the 
pump-rod  is  usually  considerably  in  excess  of  that  of  the  column  of 
water  raised.  The  proportion  existing  between  the  weight  of  the 
column  of  water  raised  and  the  weight  of  the  pump-rod  is  extremely 
various;  the  rod  weighing  from  1  to  3  times  the  column  of  water. 

Balance-bobs  and  Counterbalances. — The  objrct  of  the  balance- 
bobs  found  in  the  Cornish  pump  is  twofold  :  1st,  to  counterbalance 
the  excessive  weight  of  the  rod,  so  that  the  weight  of  the  latter  when 
left  free  to  fall  shall  be  just  sufficient  to  overcome  the  friction  of  the 
plunger,  to  open  the  valves  and  to  give  to  the  ascending  column  of 
water  the  required  velocity  ;  and  2d,  to  equalize  the  actual  work  per- 
formed by  the  engine  during  the  up  and  down  stroke.  The  latter 
consideration  has  influence  only  when  double  acting  or  geared  en- 
gines are  in  use,  and  is  usually  accomplished  to  a  great  extent  by  the 
large  bob  at  the  surface,  which  also  serves  as  a  convenient  means  of 
changing  the  direction  of  the  power  from  horizontal  to  vertical. 

*  In  some  eases,  indeed  in  the  more  modern  and  perfect  Cornish  pump,  the  res- 
ervoir is  so  situated  that  the  surface  of  the  water  in  it  is  as  high  or  higher  than 
the  mean  position  of  the  plunger  face,  in  which  case  the  entire  useful  effect  is 
during  the  down  stroke. 


AN    IMPKOVED    SYSTEM    OF    COKNISH    PITWOKK.  417 

Altlioiigh  this  pitwork  has  been  modified  to  suit  varying  circum- 
stances; although  innumerable  forms  of  pumps  have  been  used;  al- 
though the  pump- rod  has  consisted  of  various  forms  of  wood  and 
iron,  from  the  trunks  of  trees  down  to  Mire  rope  ;  yet  the  principle 
of  Cornish  pitwork  has  not  changed  materially  for  several  genera- 
tions. 

One  feature  of  the  system,  perhaps  as  characteristic  as  any,  is  the 
use  of  the  pump-rod  not  merely  to  convey  power  from  the  motor  to 
the  pumps,  but  to  receive  and  store  it,  as  it  were,  to  give  it  out  again 
afterwards  to  do  the  work  that  should  be  done  by  the  motor  direct. 
Thus  the  almost  universal  practice  is  to  lift  the  pump-rod  and  attach- 
ments, which  on  their  descent  by  gravity  force  up  the  water. 

This  indirectness  in  the  application  of  the  power  to  the  work  is  a 
false  mechanical  principle,  and  with  our  present  facilities  for  making 
pump-rods  of  maximum  strength  and  rigidity  with  minimum  of 
weight,  its  continuance  is  utterably  inexcusable.  More  especially  is 
this  true  with  the  modern  engine,  taking  steam  at  both  ends  of  the 
cylinder,  or  with  the  geared  engine,  in  which  the  power  of  the  engine 
is  transmitted  to  the  pump-rod  by  means  of  a  pinion  and  spur 
wheel,  both  these  cases  requiring  a  heavy  counterbalance  to  equalize 
the  work  on  the  up  and  down  stroke. 

The  fact  is,  that  the  Cornish  pitwork,  such  as  described  above, 
belongs  to  and  with  the  Cornish  pura[)ing  engine.  It  is,  so  to 
speak,  one  of  the  unfortunate  necessities  of  the  Cornish  pumping 
system.  The  Cornish  pumping  engine  is  the  redeeming  feature 
which  alone  should  render  the  pitwork  advisable. 

Now,  while  we  have  discarded  the  Cornish  engine,  which  on  ac- 
count of  its  great  size  and  cost  is  not  adapted  to  our  use,  we  have 
clung  to  the  heavy  and  cumbersome  form  of  rod,  with  a  persistence 
worthy  of  a  better  cause,  and  have  almost  entirely  neglected  the  ad- 
vantages arising  from  the  use  of  better  material  in  a  more  suitable 
form — advantages  which  have  been  turned  to  account  in  almost 
every  other  structure,  from  the  umbrella  to  the  marine  engine. 

We  have  disjointed  a  system  which  in  its  entirety  is,  within  cer- 
tain limits,  most  admirable,  and  attemjited  to  use  its  worst  feature 
in  a  new  place  for  which  it  is  not  adapted.* 

*  This  applies  particularly  to  England  and  the  United  Slates,  notable  advance, 

especially  in  the  adoption   of  iron-riveted   tubes  and    truss-formed   pump-rods, 

having  been  made  in  Europe.     Descriptions  and  drawings  of  two  forms  of  iron 

pump-rods,  now  in  use,   may   be  seen    in   Burat's  "  Cours   d'Exjiloitation  des 

VOL.  VII — 27 
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Wrought-Iron  Pipe  as  Pump-rod. — Since  in  the  new  system  of 
pitwork  here  proposed,  use  is  made  of  wrought-iron  tubing,  as  a 
substitute  for  the  ordinary  wooden  rods,  it  may  be  proper  to  inves- 
tigate its  capacity  to  act  at  once  as  a  mounting  pipe  for  the  water 
and  as  a  pump-rod.  The  duties  required  of  it  in  this  double  role 
may  be  briefly  stated  as  follows:  With  a  minimum  weight  it  should 
possess  a  maximum  of  ]st,  strength  to  resist  bursting  pressure;  2d, 
tensile  strength  along  the  axis  of  the  pipe;  3d,  capacity  to  resist 
thrust  or  to  act  as  a  pillar;  4th,  inflexibility,  in  which  I  include 
absence  of  lost  motion  ;  and  5th,  it  should  possess  a  joint  that  can 
be  made  and  disconnected  with  reasonable  facility,  which  is  water- 
tight and  which  in  no  way  impairs  the  strength  of  the  pipe. 

1st.  As  to  the  strengtli  to  resist  bursting  pressure,  it  is  hardly  neces- 
sary to  show  that  a  wrought-iron  lap-welded  tube  is  the  best  mate- 
rial except  steel,  and  that  it  possesses  the  most  suitable  form.  Such 
tubes  are  now  made  of  any  required  thickness,  and  as  large  as  16 
inches  in  diameter,  and  can  doubtless  be  made  20  inches  or  more,  if 
required. 

2d.  The  tensile  strength  obviously  depends  on  the  area  of  the 
cross-section  or  metal-area.  In  this  respect,  an  iron  pipe  is  about 
on  an  equality  (in  ])roportion  to  its  weight)  with  the  wooden  pump- 
rods,  as  ordinarily  constructed.  Thus  if  we  assume  the  ultimate 
tensile  strength  of  pine  at  10,000  pounds  per  square  inch,  and  of 
wrought  iron  at  50,000  pounds  per  square  inch,  we  have  one  inch 
of  iron  equal  in  tensile  strength  to  five  inches  of  pine.  Now  the 
specific  gravity  of  wet  pine  is  about  .75,  and  of  iron,  7.7;  hence, 
weight  for  weight,  the  pine  alone  has  about  double  the  tensile 
strength  of  wrought-iron.  But  the  usual  method  of  splicing  with 
straps  and  bolts  increases,  on  an  average,  the  weight  of  the  wooden 
rods  not  less  than  80  per  cent.,  and  the  joint  ordinarily  used  de- 
creases the  strength  by  25  per  cent. ;  while  iron  pipes  may  be  joined 
with  an  average  increase  of  20  per  cent,  in  weight  and  with  no  loss  of 

Mines,"  edition  of  1871,  page  385,  Plate  49,  Figs.  1  and  2  of  Atlas.  Also  a 
more  complete  description  of  the  same,  together  with  details  of  other  forms  in 
use  and  proposed,  in  the  Preussischen  Zeitschrift  fiir  das  Berg-Hiitten  und  Sa- 
linen-Wesen,  vol.  17,  Part  3,  page  315-319,  Plate  22. 

The  most  rigid  of  the  forms  thus  far  used  or  proposed,  approach  in  the  form  of 
their  cross  section,  the  square  tube  □  ,  the  -[-,  or  the  H  ;  and  with  metal-area  and 
all  other  conditions  equal,  have,  when  used  as  a  pump-rod,  only  three-fourths  or 
less  than  three-fourths,  the  rigidity  or  thrust-carrying  capacity  of  lap-welded 
tubing. 
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tensile  strength  :  hence  the  ultimate  .strength  of  wooden  rods  with 
their  joints  is  about  the  same  as  that  of  wrought-iron  pipe. 

3d.  It  is  in  its  capacity  to  resist  thrust  that  the  great  advantage 
of  the  lap-welded  tube  lies.  To  illustrate  this,  I  have  prepared  the 
following  table,  in  which  the  \veight  per  foot  of  pine  timber  50  feet 
long,  jointed  in  the  usual  way,  is  compared  with  the  weight  per  foot 
of  a  column  of  same  length,  composed  of  wrought-iron  tubes,  jointed 
as  here  described  and  sustaining  the  same  breaking  load: 


Pine  Timbkk  50  Feet  long,  Jointed  in  the  usual 

MANNER. 

50  Feet  Lap-welded  Tubes  with 
Joints.    Sustaining  same  Load.+ 

Inches  square. 

Breaking  load,* 
tons  of  2000  pounds. 

Weight  per  foot. 
Joints  included. 

Diameter. 

Weight  per  foot. 
Joints  included. 

Ratio. 

9 
10 
11 
12 
14 
16 
18 

11.2 
16.6 
23.5 
32.7 
58. 
94. 
146. 

45  lbs. 
56    " 
66    " 
81     " 

109    "            1 
144    " 
182    " 

9 

10 
11 
12 
14 
16 
18 

6.    lbs. 

8.     " 
10.5   " 
13.2   " 
20.S    " 
30.8    " 
44.      " 

0.13 
O.U 
O.ir, 
0.17 
0  19 
0.21 
0.24 

*  Calculated  by  C.  S.  Smith'.s  formula,  in  which  the  breaking  load  of  pine,  in  short  blocks,  is 
taken  at  5000  pounds. 

t  Calculated  by  Gordon's  formula,  in  which  the  crushing  load,  per  square  inch  of  wrought 
iron,  in  short  blocks,  is  taken  at  36,000  pounds. 

Or  in  words,  a  given  thrust  will  be  conveyed  by  a  wrought-iron 
tube  50  feet  long,  whose  weight  is  only  ,13  to  .25  of  the  weight  of  a 
pine  timber  of  same  length,  capable  of  conveying  the  same  thrust ; 
or  again,  an  iron  tube  used  as  a  pump-rod,  guided  accurately  every 
50  feet,  will  convey  from  4  to  7.5  times  the  thrust  conveyed  by  a 
pine  pump-rod  of  the  same  weight  with  guides  at  the  same  distance. 

4tii.  It  is  evident  that  if  any  lost  motion  exists  in  an  iron  tube  it 
must  be  in  the  joint.  The  form  of  joint  adopted  as  best  adapted  to 
the  work  is  shown  on  Fig.  2.  It  consists  of  a  flange  of  wrought  iron 
welded  on  to  the  pipe,  which  at  the  end  is  slightly  upset,  and  is  pro- 
portioned as  follows  :  As  many  bolts  are  used  to  connect  two  lengths 
of  pipe  as  the  circumference  o^"  the  flange  allows ;  the  diameter  of  each 
bolt  being  such  that  the  net  cross-section,  i.  e.,  the  cross-section  in- 
side the  threads,  is  at  least  equal  to  the  cross-.section  of  iron  in  the 
pipe,  divided  by  the  number  of  bolts.  In  other  words,  the  sum  of  the 
net  areas  of  the  iron  in  the  bolts  must  at  least  equal  the  net  area  of 
iron  in  the  pipe.  This  is,  of  course,  supposing  the  quality  of  the  iron 
to  be  the  same.  The  width  of  the  flange,  i.  e.,  the  distance  from  the 
outside  of  the  pipe  to  the  outside  of  the  flange,  is  only  sufficient  to 
allow  the  nut  to  turn.     The  thickness  of  the  flange  is  determined 
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by  the  formula  for  beams  fixed  at  one  end  and  uniformly  loaded,  in 
which  b  (the  breadth),  equals  the  outer  circumference  of  the  pipe 
divided  by  the  number  of  bolts,  d  (depth),  equals  the  thickness  of 
the  single  flange,  and  I  (length),  equals  the  width  of  the  flange. 


Fig.  2. 


The  joint  is  made  water-tight  by  placing  a  ring  of  copper  wire  in 
the  recess  shown.  The  face  and  back  of  each  flange  must  be  turned 
true  in  the  lathe,  so  that  when  the  two  parts  of  a  joint  are  brought 
together  by  the  bolts  there  is  an  actual  contact  of  the  iron.  The 
weight  of  such  a  joint  would  be  10  to  25  per  cent,  of  the  weight  of 
the  pipe,  depending  on  the  size  and  metal-area  of  the  pipe  and  the 
len5j;th  of  the  section. 
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In  making  the  joint,  the  two  flanges  sliould  be  pressed  together 
by  the  bolts  with  a  force  as  great  as  can  ever  come  upon  the  pipe. 
If  this  is  done,  it  is  obvious  that  no  strain  less  than  the  maximum 
for  which  the  pipe  is  calculated  can  possibly  open  the  joint  made  by 
the  copper  wire,  or  to  the  slightest  extent  separate  the  two  flanges, 
thus  creating  lost  motion  and  leakage. 

It  is  believed  that  a  very  much  less  dei)th  of  flange  than  that 
found  by  the  formu-la  will  answer,  owing  to  the  bracing  given  to  the 
joint  by  the  actual  contact  of  the  two  faces,  and  also  to  the  fact  that 
the  beams,  as  calculated  by  the  formula,  are  then  regarded  as  sepa- 
rate, while  in  reality  they  are  united,  forming  the  flange.  It  is 
probable  that  the  strain  approaches  the  shearing  strain.* 

Moving-pipe  Pump. — In  endeavoring  to  overcome  some  of  the 
principal  objections  to  the  old  Cornish  pump,  to  make  it  more  like 
a  modern  machine,  to  at  once  cheapen  and  simplify  its  construction, 
and  better  adapt  it  to  the  modern  high-pressure  steam-engine,  I  have 
devised  a  system  of  pumping  which,  though  not  entirely  new  in  its 
details,  is,  I  believe,  well  adapted  to  the  draining  of  deep  mines. 

This  pump,  which  may  be  called  the  Moving-pipe  Pump,  is 
shown  at  C  I),  Fig.  1,  where  S  is  the  suction  pipe,  u  the  lower 
valve,  situated  in  the  bottom  of  the  valve-box,  v  the  upper  valve, 
situated  in  the  bottom  of  the  hollow  plunger  P,  and  moving  with  it, 
L  the  pump  barrel,  surmounted  by  a  stuffing-box,  and  I  the 
mounting-pipe,  bolted  to  and  actuating  the  plunger.  It  is  obvious 
here  that  the  pipe  serves  at  once  as  a  mounting-pipe  and  pump-rod. 
The  action  of  the  pump  when  pump  and  pipe  are  full  of  water  is  as 
follows:  On  the  up-stroke  of  the  pipe  and  plunger,  the  water  is 
drawn  up  through  the  suction-pipe  and  lower  valve  into  the  pump 
barrel,  L,  and  as  the  upper  valve,  V,  is  shut,  the  water  above  it  in 
the  plunger  and  pipe  is  lifted  with  the  pipe.  On  the  down-stroke, 
the  lower  valve  being  closed,  the  water  in  the  pump  barrel,  L,  is 
forced  up  into  the  pipe,  occupying  just  so  much  greater  length  of 
the  pipe  as  the  area  of  the  circle  of  the  outside  of  the  plunger  is 
greater  than  the  area  of  the  circle  of  the  inside  of  the  pipe;  thus  if 
we  suppose  the  area  of  the  outer  circle  of  the  plunger  to  be  double 
that  of  the  inside  circle  of  the  pipe,  the  water  displaced  in  the  pump 
barrel  will  occupy  a  length  of  the  pipe  equal  to  double  the  length 

*  As  this  structure  is  here  used  to  resist  a  new  strain,  its  exact  proportion,  in 
order  that  the  joint  should  be  as  strong  as  the  pipe,  should  be  determined  by 
experiment  in  the  shop.  Especially  is  this  true  of  the  total  bolt-area,  which 
would  probably  have  to  be  slightly  in  excess  of  the  metal-area  of  the  pipe. 
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of  the  stroke;  or  since  the  pipe  descends  the  length  of  the  stroke  while 
the  water  is  going  up  in  the  pipe  two  lengths,  the  actual  rise  of  the 
water  is  equal  to  one  length  of  the  stroke.  The  water  is,  therefore, 
raised  both  during  tlie  up  and  down  stroke  of  the  pipe,  hence  the 
pump  is  double  acting,  in  the  sense  that  tlie  useful  effect  is  divided 
between  the  up  and  down  strokes,  instead  of  being  exerted  entirely 
on  the  down  stroke. 

In  pumps  of  this  kind  the  total  weight  raised  on  the  up  stroke  is 
equal  to  the  weight  of  the  pipe  and  its  attachments  plus  the  weight 
of  the  water  in  the  pipe.  On  the  down  stroke  the  weight  raised  is 
that  of  a  column  of  water  whose  base  is  the  difference  between  the 
areas  of  the  pipe  and  the  plunger,  and  whose  height  is  the  mean 
distance  from  the  upper  valve  to  the  level  of  the  discharge.  If,  as 
with  some  Cornish  pumps,  the  supply-reservoir  be  situated  as  high 
or  a  little  higher  than  the  mean  position  of  the  plunger-face,  the 
useful  effect  becomes  practically  divided  between  the  up  and  the 
down  stroke  in  proportion  to  the  area  of  the  pipe,  and  the  area  of 
the  plunger  less  the  area  of  the  pipe.  It  is  this  division  or  distri- 
bution of  the  useful  effect  between  the  two  parts  of  the  stroke  which 
it  is  thought  will  enable  the  moving-pipe  pump,  with  less  weight  of 
pitwork  tlian  the  Cornish  pump,  without  any  pump-rod  other  than 
the  pipe  itself,  and  with  corresponding  economy  in  construction  and 
space,  to  equal  or  excel  the  work  of  the  Cornish  pump.  This 
does  not  apply  to  economy  in  working,  but  only  to  the  amount  of 
work. 

Theoretically,  this  distribution  of  the  useful  effect  would,  if  carried 
far  enough,  enable  us  with  this  form  of  the  moving-pipe  pump  to 
dispense  entirely  with  the  counterbalance,  leaving  at  the  surface  the 
same  amount  of  actual  work  on  the  engine  or  other  power  during 
both  parts  of  the  stroke.  This  very  desirable  equality  of  actual  work 
by  the  engine  would  obviously  be  attained  when  the  weight  of  water 
raised  on  the  down  stroke  is  equal  to  twice  the  weight  of  the  pipe 
and  its  attachments  plus  the  weight  of  the  pipe  full  of  water.  If,  to 
make  this  plain  by  example,  we  suppose  the  weight  of  the  pipe  with 
its  attachments  to  be  equal  to  the  weight  of  the  column  of  water  in 
the  pipe,  then  on  the  up  stroke  the  engine  must  raise  pipe  and 
water,  and  on  the  down  stroke  exert  the  same  power  as  a  thrust, 
aided  moreover  by  the  descent  by  gravity  of  the  pipe;  the  useful 
effect,  or  water  raised,  being  therefore  three  times  that  of  the  up 
stroke.  But  as  this  water  must  be  forced  up  through  the  pipe,  its 
actual  velocity  will  be  three  times  that  of  the  pipe,  and  as  the  pipe 
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is  at  the  same  time  descending  around  the  water,  its  velocity  in  rela- 
tion to  the  pipe  will  be  four  times  that  of  the  pipe  itself.  It  is  this 
increased  velocity  and  the  consequent  friction,  together  with  the 
great  number  of  guides  necessitated  by  the  great  thrust  conveyed  by 
the  pipe,  which  limits  the  extension  of  this  principle  to  meet  any  case. 
In  the  case  just  cited,  the  area  of  the  plunger  would  have  to  be  four 
times  that  of  the  pipe.  It  is  evident  that  with  this  pump  the  utmost 
lightness  of  pipe  compatible  with  sufficient  strength  is  desirable. 

As  is  well  understood,  one  of  the  chief  difficulties  of  the  Cornish 
pump  when  of  large  dimensions,  and  operating  at  great  depth,  is  the 
enormous  mass  of  the  pump-rods,  counterbalances,  and  attachments 
to  be  set  in  motion  at  each  stroke,  necessitating  a  very  low  velocity. 

In  the  moving-pipe  pump  the  difficulty  would  at  first  seem  to  be 
increased,  since  on  the  up  stroke  there  must  be  lifted  not  only  the 
pipe  but  the  water  contained  in  it,  thus  increasing  the  work,  where 
the  work  is  already  the  heaviest.  But  here  it  must  be  remembered 
that  the  column  raised  is  only  half,  or  less  than  half,  the  area  and 
weight  of  the  column  in  the  corresponding  Cornish  pump,  and  that, 
as  there  is  no  object  to  reach  by  making  rods  heavy,  they  may,  by 
using  a  peculiar  form  of  rod,  be  made  so  light  that  the  total  weight 
to  be  raised  will  be  the  same,  or  less,  than  in  the  Cornish  pump. 

Water-balance  Pump. — It  will  be  remembered  that,  in  the  orig- 
inal Cornish  pumping-engine,  the  entire  power  of  the  engine  is  ex- 
erted on  the  up  stroke  in  raising  the  rod  and  its  attachments,  and 
that  this  is  all  the  work  done  by  the  engine  during  the  entire  stroke. 
Now  with  the  double-acting  or  geared  engine,  generally  used  in  this 
country,  the  power  is  exerted  at  all  parts  of  the  stroke,  and  the  work 
must  be  equalized  by  the  use  of  a  balance-bob,  often  of  great  size 
and  cost.  The  question  naturally  arises  cannot  this  be  accomj)lished 
in  the  mechanism  of  the  pump  itself?  There  are  obviously  two 
methods  of  effecting  this:  1st,  by  increasing  the  actual  work  on  the 
down  stroke;  2d,  by  decreasing  the  work  on  the  up  stroke. 

The  first  of  these  methods  is  applied  in  the  pump  already  de- 
scribed, but  is  of  only  limited  application.  It  is  proposed  to  apply 
the  second  in  a  form  of  pump  called  the  water-balance  Pump,  which 
is  also  a  moving-pipe  pump.  One  form  of  this  pump  is  shown  on 
Fig.  3,  in  which  A  represents  the  pump-barrel,  which  is  shown 
to  be  of  considerable  thickness,  for  the  reason  that  it  is  desirable  to 
have  a  greater  exterior  diameter  of  the  barrel  than  would  be  attained 
if  the  metal  were  no  thicker  than  required  in  an  ordinary  pump- 
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barrel  of  the  same  interior  diameter.  Or  it  may  be  oast  in  two  parts, 
leaving  a  space  between,  like  a  steam-jacketed  cylinder. 

C  represents  one  form  of  an  auxiliary  chamber,  by  means  of  wliich 
the  "water-balance"  is  effected.  It  is  connected  b}'  means  of  its 
dome  and  flanges  to  the  lower  end  of  the  reciprocating  pipe,  B.  It 
has  an  interior  diameter  greater  than  the  exterior  diameter  of  the 
pump-barrel,  and  the  sliding  joint  between  them  is  guarded  by  a 
stuffing-box  at  6.  The  valve  D  is  attached  to  the  lower  end  of  the 
rod  c,  which,  in  turn,  at  its  upper  end  is  centrally  secured  to  the  in- 
terior of  the  dome  of  the  auxiliary  chamber  C,  in  a  manner  w^ell 
known.     The  usual  lower  valve  is  shown  at  d. 

It  will  be  readily  seen  that,  as  the  pipe  B  is  lifted,  water  will  be 
drawn  through  the  lower  valve  into  the  juimp-barrel;  and,  also,  that 
the  water  in  the  upper  portion  of  the  pump-barrel  is  lifted  by  the 
moving  valve.  As  the  auxiliary  chamber  C  is  lifted,  its  cubic  ca- 
pacity is  enlarged  by  the  withdrawal  of  the  thick  pump-barrel  A, 
so  that  the  water  above  the  valve  D,  instead  of  being  raised  with  the 
pipe  B,  simply  occupies  the  annular  space  then  left  vacant.  In  other 
words,  the  column  of  water  in  pipe  B  (having  its  base  in  a  chamber 
which  is  enlarged  as  the  pipe  rises)  induces  pressure  within  the 
chamber,  which,  when  exerted  upon  its  dome,  contributes  to  the  lift 
of  the  pipe  and  lessens  the  power  otherwise  requisite  to  raise  it;  and 
it  will  also  be  seen,  if  the  chamber  be  properly  proportioned  with 
reference  to  the  pump-barrel  and  the  pipe  B,  that  the  weight  of  the 
pipe  may  be  offset  or  balanced  by  the  column  of  water  within  the 
pipe.  As  the  pipe  B  descends,  the  upper  valve  opens  and  water 
passes  from  the  lower  portion  of  the  pump-barrel,  the  cubic  capacity 
of  the  auxiliary  chamber  meantime  decreasing,  and  therefore  at  each 
descent  of  the  pipe  as  much  water  is  discharged  therefrom  at  its  top 
as  is  taken  into  the  pump-barrel  through  its  lower  valve,  which  is 
all  that  any  pump  could  discharge  which  operates  in  forcing  water 
only  during  the  downward  movement  of  its  piston. 

When  the  area  of  the  annular  space  formed  by  the  end  of  the 
pump-barrel  is  greater  than  the  area  of  the  pipe,  so  that  the  column 
of  water  in  the  pipe  by  its  descent  assists  in  lifting  the  pipe,  the 
machine  becomes  analogous  to  the  ordinary  Cornish  plunger-pump, 
with  an  ordinary  water-balance  attachment,  instead  of  a  balance- 
bob  ;  the  difference  being  that  a  single  pipe  serves  at  once  as  a  pump 
rod,  as  mounting  column  and  as  water-balance  column. 

In  the  water-balance  pump,  as  with  the  moving-pipe  pump,  the 
limit  of  the  application  of  the  [)rinciple  is   reached,   1st,   when  the 
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velocity  of  the  water  on  the  down  stroke  becomes  too  great ;  2d, 
when  the  thrust  required  exceeds  the  adopted  limit  of  safety.  In 
regard  to  the  first  of  these  points,  I  believe  that,  when  any  corres- 
ponding advantages  are  to  be  gained,  the  velocity  of  the  water  in  the 
mounting  column  may  be  very  much  increased.  This  is  specially 
true  of  pumps  operating  at  great  depths,  where  the  mass  set  in  motion 
and  stopped  twice  during  each  stroke,  must  be  with  any  form  of  pit- 
work  very  great,  and  where  in  consequence,  the  motion  of  the  pump- 
rod  must  be  slow. 

As  illustrative  of  this,  let  us  suppose  a  series  of  12-inch  pumps  of 
the  Cornish  system,  operating  to  a  depth  of  2000  feet.  The  maxi- 
mum speed  of  such  a  pump  could  not  well  exceed  160  feet  per  min- 
ute, and  the  ordinary  speed  would  be  probably  less  than  120  feet  per 
minute,  and  the  loss  incident  to  the  friction  of  the  water  flowing  up 
the  mounting  column  would  be,  for  the  last-named  speed,  but  16-100 
of  one  per  cent,  of  the  useful  eifect.  Xow  the  loss  from  friction  of 
the  same  amount  of  water  flowing  up  a  mounting  column,  one-third 
the  area,  or  say  7  inches  diameter,  and  with  three  times  the  velocity, 
or  360  feet  per  minute,  would  be  2.06  per  cent,  of  the  useful  eff^ect, 
showing  an  advantage  of  only  1.9  per  cent,  in  favor  of  the  large  pipe 
in  this  extreme  case.  In  short,  the  practice  of  making  the  mount- 
ing-pipe of  the  ordinary  Cornish  pump  as  large  or  larger  than  the 
plunger,  is,  I  take  it,  traditional,  and  may  be  departed  from  if  there 
is  anything  gained  by  the  departure. 

With  regard  to  the  second  jjoint,  if  we  suppose  the  pump  to  be 
operated  in'  a  double-acting  or  geared  engine,  or  any  other  motor  in 
which  the  power  is  exerted  continually,  it  is  obvious  that  with  no 
counterbalancing  arrangement  the  thrust  communicated  to  the  pi})e 
at  the  top  and  conveyed  by  it,  should  equal  the  tensile  strain  at  the 
same  place ;  but  the  capacity  of  the  moving  pipe  when  guided,  say 
every  40  feet,  to  convey  thrust,  is  only  1-3  to  7-12  (depending  on  its 
size),  of  its  ability  to  resist  tensile  strain,  or  in  other  words,  it  can 
lift  from  3  times  to  12-7  times  as  great  a  weight  as  it  can  support; 
and  if  we  make  it  strong  enough  to  resist  all  the  thrust,  it  will  be 
two  or  three  times  as  strong,  hence  two  or  three  times  as  heavy  as 
required  for  the  tensile  strain. 

The  safe  loads  per  square  inch  sustained  by  wrought-iron  columns 
forty  feet  high  and  of  different  sizes  may  be  shown  by  the  following 
table,  in  which  36,000  pounds  per  square  inch  is  taken  as  the  elastic 
limit  (in  short  blocks),  and  in  which  the  allowed  strain  is  taken  at 
one-eighth  that  amount. 
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Compressive  Strength  per  square  inch,  Metal-area  of  pipe  AO  feet  long. 

8  in.  diiimctcr, 2038  lbs. 

9  "    "        2206  " 

10  "  "        2550  " 

11  "  "       2732  " 

12  "  "       2934  " 

13  "  "       3192  " 

14  "  "       3248  " 

15  "  "       3360  " 

16  "  "  .......  3472  " 

Tt  would  seem  therefore,  tliat  the  use  of  the  counterbalance  prin- 
ciple should  only  go  far  enough  to  bring  the  thrust  per  square  inch 
of  metal-area  of  the  pipe  up  to  its  adopted  maximum  (say  one-eighth 
the  crushing  load);  and  tliat  a  minimum  of  weight  in  the  whole 
structure  will  be  secured  when  the  strains  on  the  pipe,  both  thrust 
and  tensile  strain,  are  up  to  the  limit  adopted,  leaving  the  final  exact 
equalizing  of  the  work  of  the  motor  to  be  effected  by  a  balance-bob 
or  additional  water-balance  at  the  motor. 

The  extra  surface  counterbalance  required  with  a  properly  pro- 
portioned water-balance  pump  to  equalize  the  work  at  the  motor, 
would  be  from  two-thirds  to  one-fourth  that  required  for  an  ordi- 
nary Cornish  pump  of  same  capacity. 

Description  of  Plates. — Of  the  accompanying  illustrations,  Fig.  1 
shows  side  by  side  a  large  ordinary  Cornish  pump  and  a  moving- 
pipe  pump  of  the  same  capacity  per  stroke  and  same  length  of  stroke. 

In  the  moving-pipe  pump  the  tensile  strain  is  carried  from  one 
pipe  to  the  next  lower  pipe  by  means  of  the  wooden  tie  beams  T  T, 
strapped  to  the  pipes  as  shown. 

In  neither  case  is  any  thrust  conveyed  by  the  rod  or  pipe,  since 
they  operate  entirely  by  their  own  weight.  The  counterbalancing 
required  in  each  case  is  nearly  the  same. 

The  supposed  conditions  of  work  are  500  gallons  per  minute  to  be 
raised  from  the  bottom  of  the  shaft  800  feet  to  an  adit  level,  and  500 
gallons  per  minute  to  be  raised  from  a  point  200  feet  above  the  bot- 
tom 600  feet  to  the  same  level. 

Some  of  the  dimensions  of  the  pumps  are  as  follows : 

Cornish  Pump.  M.  P.  Pump 
Lowest  pump.  Dinmeter  of  barrel  or  plunger,       .         .     14  inches.  14  inch. 

Diameter  of  mounting  pipe,    ...     14        "  10    <' 

Heif^ht  of  lift, 200    feet.  200   feet. 

Second  pump  from  bottom.    Diameter  of  plunger,  .     20  inches.  20  inch. 

Diameter  of  mounting  pipe,     20       "  14     " 

Length  of  lift,    .         .         .300  feet.  300    feet. 
Third  pump,  from  bottom — same  as  second. 
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The  strain  on  the  various  parts  of  the  two  pumps  is  comput(;d 
with  the  same  factor  of  safety,  and  the  estimates  of  cost  are  made  in 
each  case  on  the  same  basis,  in  fact  the  designs  and  estimates  were 
made  with  a  view  to  get  at  a  fair  comparison  of  the  two  systems 
under  those  conditions.  The  weight  of  the  entire  pitwork  for  the 
moving-pipe  pump  is  45  per  cent,  and  the  cost  63  per  cent,  of  the 
weight  and  cost  of  the  Cornish  plant. 

A  reason  for  the  less  weight  of  the  moving-pipe  plant,  will  be 
seen  by  an  inspection  of  the  two  middle  pumps,  in  which  it  will  be 
noticed  that  in  the  moving-pipe  pump  the  heavy  H  piece,  the  largest 
and  heaviest  casting  of  the  Cornish  pump,  is  entirely  dispensed  with. 

It  is  expressly  stated  here  that  Fig.  1  does  not  and  is  not  in- 
tended to  show  the  best  form  of  either  pump.  Just  this  plan  would 
be  neither  advisable  or  practicable  under  many  conditions.  It  is 
introduced  merely  for  the  sake  of  a  direct  comparison  of  the  two 
systems. 

Fig.  4  shows  an  elevation  and  section  of  a  moving-pipe  pump, 
in  which  the  motion  of  the  upper  pipe  is  conveyed  to  the  lower  pipe 
by  the  smaller  pipes  on  each  side,  which  are  attached  to  the  main 
pipe  by  the  cast-iron  cross-head  as  shown.  The  discharge  of  the 
lower  pipe  is  here  effected  in  such  a  manner  as  to  flood  or  deluge  the 
lower  valve  of  the  pump. 

Figs.  5  and  6  are  plans  for  a  moving-pipe  pump,  designed  to 
raise  1000  gallons  per  minute  to  a  height  of  1000  feet  from  the 
bottom  of  a  shaft  to  an  adit  level  1000  feet  above,  and  40  feet  below 
the  engine-room  floor. 

Fig.  5  is  a  section  and  elevation  of  the  upper  portion  of  the 
pitwork,  showing  the  method  of  discharging  water  at  the  top,  the 
connection  with  the  balance-bob,  the  cross-head  guide,  and  at  the 
bottom  the  ordinary  guides  for  the  pipe,  consisting  of  four  pieces  of 
hard  wood,  bolted  to  a  timber  framework,  touching  the  pipe  at  four 
points  and  adjusted  to  it  by  means  of  keys. 

The  upper  portion  of  Fig.  6  shows  one  of  the  upper  three 
pumps,  which  are  alike  in  section  and  elevation. 

In  this  case  the  motion  of  the  upper  pipe,  instead  of  being  con- 
veyed on  each  side  of  the  pump  by  wooden  rods  as  in  Fig.  1,  or  by 
smaller  pipes  as  in  Fig.  4,  is  communicated  directly  and  in  the 
same  line  to  the  lower  pipe,  the  pump  being  set  on  one  side.  The 
pump  is  also  different  from  that  already  described,  in  that  the  upper 
valve,  instead  of  being  attached  to  the  bottom  of  the  plunger,  is 
situated  in  the  left  arm  of  the  nozzle  or  short  piece  connecting  the 
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two  pipes,  tliiKs  tillowing;  any  kind  of  valve  to  be  used  for  an  upper 
valve.  To  the  ri^jht-liand  arm  of  the  nozzle  is  attached  a  wrought- 
iron  return-jjipe,  the  open  lower  end  of  which  di[)s  into  the  tank  0. 
This  tank  O  is  really  no  part  of  the  pumj),  but  a  part  of  the  reser- 
voir R,  and  is  in  open  coinnuuiication  with  it  by  means  of  the  pipe 
P,  the  object  of  the  arrangement  being  to  discharge  the  water  fn^m 
the  lower  pijic  without  the  loss  of  head  which  would  occur  if  the 
water  were  allowed  to  pour  out  of  the  nozzle  and  fall  freely  into  the 
reservoir  R.  Across  the  nozzle  at  X  and  separating  the  lower  and 
right-hand  portion  of  the  same  from  the  upper  and  left-hand  part, 
is  a  flange  X,  which  may  be  either  cast  in  the  nozzle  or  made  sep- 
arately and  bolted  to  its  place. 

The  lowest  pump  is  like  that  described  in  Fig.  1,  except  that  the 
valve  is  a  circular  disk  valve. 

The  following  are  some  of  the  principal  dimensions : 

No.  of  pumps,       ........  4 

Height  of  each  lift, 250  ft. 

Size  of  each  pump,        ..'.....  17  " 

Interior  diameter  of  pipe,     ......  12  " 

Thickness  of  pipe,  lowest -j^  ;  2d,  ~^;   3d,  j'^  ;  4ih,  ^V 

inches. 
Weight  of  water  raised  on  each   half  of  the  stroke, 

approximately,  .......  50,000  lbs. 

Total  weight  of  moving  parts  (pitwork),     .         .         .  59,460    " 

"            "      coiintprbalance  required,          .         .          .  59,4G0    " 
Total  mass  of  pitworU  and  wat'-r  set  in  niotion  at  both 

parts  of  stroke, 168,920    " 

Or, ...  84.46  tons. 

Some  of  the  corresponding  details  for  an  18-inch  pump  of  the 
ordinary  Cornish  type  (which  would  be  of  equal  capacity),  are: 

Weight  of  rod  and  attachments,         ....  114,576  lbs. 

"       "    18-in.  column  water  (1000  feet  high),      .  110,000    " 

Counterbalance  required,    ......  59,576    " 

Total  mass,  pitwork  and  water,. «et in  motion  on  down 

stroke, 284,152    " 

Or, 142.076  tons. 

The  ma.ss  set  in  motion  on  the  upstroke  would  be  the  same  less 
the  weight  of  the  column  of  water. 

While  in  such  a  plant  as  that  illustrated  in  Figs.  5  and  6 
there  is  great  saving  in  the  weight  of  moving  i)arts,  and  a  conse- 
quent reduction  in  the  mass  .set  in  motion,  yet  the  chief  reduction  in 
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cost  of  construction  would  lie  in  the  decreased  weight  of  the  fixed 
parts.     Attention  has  been  called  to  this  in  connection  with  Fig.  1. 

Fig.  7  shows  a  second  form  of  water-balance  pump,  in  which 
the  auxiliary  chamber  C,  instead  of  being  a  part  of  the  pump  itself 
is  a  separate  structure  connected  with  the  pipe  by  means  of  the  elbow 
L  and  nozzle  N.  In  this  form  of  pump  the  main  strain  is  carried 
in  a'direet  line  to  the  [)ump  below  by  the  pipe  P,  while  the  pump  is 
at  one  side  and  the  water-balance  chamber  at  the  other,  the  discharge 
of  the  water  from  the  pump  below  taking  place  through  the  ports 
p  p,  as  shown  into  the  open-topped  tank  or  sleeve,  which  is  in  direct 
communication  with  a  tank  or  reservoir  not  shown  in  the  drawing. 

It  is  obvious  that  by  disconnecting  the  joint  I  H  and  covering  the 
opening  with  a  flange,  the  pump  becomes  a  moving-pipe  pump  simi- 
lar to  that  described  in  Fig.  6,  but  with  a  different  method  of 
discharge  for  the  water  from  the  pump  below;  and  further,  that 
access  to  the  valves,  the  removal  of  the  plunger,  either  of  the  pump, 
or  water-balance  chamber,  may  be  effected  with  the  greatest  ease ; 
and  also  that  the  base  being  cast  in  one  piece,  the  whole  structure 
may  be  easily  kept  in  line  by  means  of  the  keys  shown. 

F'ig.  7  shows  another  arrangement  of  pump  barrel,  water-chamber 
and  pipe,  by  which  less  room  is  required  in  the  shaft. 

The  pump  shown  in  Fig.  7  is  supposed  to  be  one  of  a  series 
250  feet  apart,  and  so  situated  that  an  upward  pressure  of  5450 
pounds  from  the  water-balance  is  required  during  the  up  stroke. 
This  is  accomplished  by  making  the  water-balance  plunger  50  inches 
greater  area  than  the  pipe,  thus  giving  as  aid  in  raising  the  pipe  the 
pressure  induced  by  a  column  of  water  50  square  inches  in  base  and 
250  feet  high,  equal  to  5454  poimds. 

Fig.  8  shows,  in  vertical  section  and  plan,  a  water-balance  pump, 
in  which  both  valves  are  stationary.  As  will  be  seen  by  an  in- 
spection of  the  drawing,  the  arrangement  of  the  valve-box  O,  with 
the. upper  valve  v;  the  H-piece  T  with  the  lower  valve  u;  the 
plunger  barrel  L,  with  its  plunger  P  may  be  the  same  as  with  an 
ordinary  Cornish  plunger-pump,  as  shown  at  k,  in  Fig.  1. 

On  the  upper  valve-box  O,  is  a  plunger- barrel  D,  with  a  stuffing- 
box  a,  at  its  upper  end,  through  which  works  a  hollow^  plunger  E, 
quite  open  at  its  lower  end,  and  at  its  upper  end  communicating 
with  the  upper  portion  of  the  moving  pipe  I,  by  means  of  the  cast 
iron  or  steel  nozzle  n,  n' .  The  plunger  P,  is  connected  with  the 
main  pij)e  I,  by  means  of  the  cross-head  x  x'.  The  main  pipe  I, 
which  conveys  the  strain  in  a  straight  line  to  the  lower  pumps,  is 
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represented  in  tlie  vertieal  seetion,  as  passing  behind  the  plunger 
barrel  D,  and  the  valve-box  O,  and  through  a  discharge-tank  A, 
similar  to  that  shown  at  JNI,  in  Fig.  1,  or  in  Fig.  5.  The  dis- 
c'hai-gc-tank  A,  and  the  suction-pipe  S,  connect  with  the  reservoir 
R  R',  by  means  of  the  pipes  B  B',  and  C  C. 

It  is  obvious,  with  this  form  of  pumj),  that  when  the  exterior 
diameter  of  the  plunger  E,  is  the  same  as  the  interior  diameter  of 
the  pipe  I,  there  will  be  no  water  lifted  on  the  up  stroke;  the  entire 
column  of  water  remaining  stationary,  supported  by  the  valve  v, 
while  the  pipe  moves  up  around  it;  the  action  in  this  respect  being 
analogous  to  the  Cornish  plunger-pump.  If  now  the  exterior  di- 
ameter of  the  plunger  E  be  made  greater  than  the  interior  diameter 
of  the  ])ipe  I,  then,  on  the  up  stroke,  the  cohimn  of  water  will  de- 
scend, occujiving  the  enlarged  space  created  by  the  withdrawal  of  the 
])lunger  E,  and,  by  just  so  much  as  it  descends,  assist  in  raising  the 
pipe  and  its  attachments. 

Any  required  degree  of  counterbalance  may  therefore  be  obtained, 
by  a  i-egulation  of  the  area  of  the  plunger  E.  As  with  other  forms 
of  water-balance  pump,  the  capacity  of  the  pump  per  stroke  is 
measured  by  the  area  of  the  plunger  P. 

In  the  form  of  pump  shown  in  Fig.  8,  there  is  required  the 
same  valve-box  and  H-piece,  or  pieces  corresponding  to  them,  that 
are  found  with  the  Cornish  pump;  hence  in  weight  of  fixed  parts  of 
the  pump  itself  there  is  no  economy.  Its  advantage  appears  to  be 
mainly  in  the  use  of  a  single  line  of  lap-welded  tubing,  as  pump- 
rod,  mounting  pipe,  and  water-balance  pipe,  and  in  the  ease  with 
which  the  principle  may  be  applied  to  the  ordinary  })umps  now  in 
use. 

In  looking  over  the  forms  of  the  two  pumps  here  proposed,  it 
will  be  noticed  that  the  subject  naturally  divides  itself  into  two 
parts:  A,  a  simple  and  practicable  method  of  causing  the  water  to 
enter  and  ascend  in  the  pipe;  and  B,  a  simple  and  practicable 
method  of  getting  the  water  out  of  the  pipe  at  its  top. 

A.  The  water  is  caused  to  enter  and  ascend  the  pipe  mainly  by 
the  valves,  and  of  these  there  are  four  arrangements.  1st.  That 
shown  in  Fig.  1  and  in  the  bottom  of  Fig.  6,  in  which  the  lower 
valve  is  stationary  in  an  ordinary  "door-piece"  or  valve-box,  and 
the  upper  movable  valve  is  attached  to  the  bottom  of  the  plun- 
ger by  the  single  central  bolt,  both  of  these  valves  being  accessible 
through  the  same  valve-chamber.  In  this  case  the  upper  valve  does 
not  admit  of  the  commonly  used  flat  Cornish  valve,  but  requires  a 
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disc  valve,  as  shown  in  Fig.  6,  a  six-sided  valve,  as  shown  in 
Fig.  1,  or  some  valve  of  like  construction.  2d.  The  form  shown 
in  Fig.  8  and  in  the  upper  part  of  Fig.  6,  in  which  both  mova- 
ble and  stationary  valves  are  so  situated  in  a  valve-chamber  that 
any  kind  of  valve  may  be  employed.  With  this  arrangement  the 
upper  valve  is  as  accessible  as  the  lower  valve  and  admits  of  as 
great  port  area,  advantages  not  possessed  by  the  first  arrangement. 
3d.  In  which  t!ie  upper  valve  is  in  a  piston  or  bucket,  as  in  Fig. 
3.  4th.  In  which  the  valves  are  arranged  as  in  the  ordinary 
Cornish  pump,  see  Fig.  8. 

B.  There  are  shown  five  methods  of  discharging  the  pipe  at 
the  top.  1st.  As  at  M,  Fig.  1,  and  as  in  Figs.  6  and  7,  in 
which  the  pipe  passes  through  an  inverted  stuffing-box,  allowing 
the  water  to  escape  into  the  surrounding  sleeve  or  tank  through  the 
ports  in  the  pipe,  the  aggregate  area  of  which  should  exceed  the 
area  of  the  pipe.  It  is,  of  course,  understood  that  the  pipe  should  be 
made  of  unusual  thickness  to  allow  for  the  port  openings  and  the 
wear  incident  to  the  stuffing-box.  2d.  As  at  O,  Fig.  1,  where  the 
pipe  passes  through  an  inverted  stuffing-box  and  ends  witiiin  the 
tank.  This  arrangement  can  only  be  used  when  the  strain  is  taken 
by  side  pipes  or  timbers,  as  in  Fig.  1  or  in  Fig.  4.  3d.  As  at  N 
in  Fig.  1,  where  on  the  top  of  the  moving  pipe,  and  in  direct  con- 
nection with  it,  is  mounted  a  tank  into  which  dips  the  suction-pipe 
of  the  next  pump  above.  (This  tank  must  be  connected  by  means  of 
a  3''  or  4"  hose  with  a  large  reservoir  at  the  same  level.)  This  ar- 
rangement, which  possesses  the  advantage  of  being  without  the  fric- 
tion of  stuffing-boxes,  would  be  practicable  only  with  short-stroke 
pumps,  cold  water,  and  at  a  low  altitude,  as  the  water  for  the  pump 
above  would  have  to  be  drawn  by  suction  to  a  height  at  least  twice 
the  length  of  the  stroke.  4th.  As  at  Fig.  4,  where  the  slightly 
enlarged  pipe  is  provided  with  a  stuffing-box  through  which  works 
the  suction-pipe  of  the  upper  pump,  which  suction-pipe  is  connected 
with  the  reservoir  as  shown,  thus  deluging  the  lower  valve  of  the 
upper  pump  if  desirable.  5th.  As  at  Fig.  7,  in  which  the  water 
passes  through  the  nozzle  and  out  thi-ough  the  return  tube  into 
the  tank  O. 

It  is  also  quite  easy  to  allow  the  water  to  pour  out  of  the  nozzle 
into  a  tank,  thus  avoiding  the  return  tube;  but  as  such  a  method 
would  involve  a  loss  of  head  equal  to  nearly  or  quite  the  length  of 
the  stroke,  it  is  not  shown. 

Of  some  fifteen  forms  of  water-balance  pump  possible,  three  are 
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here  shown  as  most  simple  and  practicable.  As  nearly  any  of  the 
forms  of  pump  shown  may  be  combined  with  any  of  the  different 
methods  of  discharge,  and  as  either  the  moving-pipe  pump  or  the 
water-balance  pump  allow  the  employment  of  almost  any  sort  of 
valve,  it  is  evident  that  a  great  variety  of  constructions  to  suit  vary- 
ing conditions  is  admissible. 

Explanation  of  Table. — In  order  to  institute  a  comparison  between 
the  ordinary  Cornish  system  with  wooden  pump-rod,  and  the  moving- 
pipe  pump  and  water-balance  pump,  I  have  calculated  the  following 
table,  in  which  the  principal  weights  of  the  three  systems  as  applied 
in  several  series  of  14-inch  pumps,  from  1000  to  4000  feet,  total 
depth,  admit  of  comparison. 

The  factor  of  safety  for  tensile  and  compressive  strain,  of  both  rod 
and  pipe,  has  been,  in  all  cases,  taken  at  8.  Both  rods  and  pipes  are 
supposed  to  be  accurately  guided  every  40  feet.  In  proportioning 
the  tapered  wooden  rod,  the  following  data  are  assumed.  Tlie  spe- 
cific gravity  of  wet  pine  is  taken  at  .75,  its  ultimate  tensile  strength 
at  10,000  pounds  per  square  inch.  The  strapping  plates  and  bolts 
are  supposed  to  increase  the  weight  of  the  rod  by  80  per  cent.,  and 
the  joints  to  decrease  its  tensile  strength  by  25  per  cent.  The  branch 
rods,  plungers,  and  other  attachments  are  supposed  to  increase  the 
total  weight  of  the  main  rod  by  30  per  cent.  The  ultimate  thrust  is 
found  from  C.  S.  Smith's  formula,  in  which  the  breaking  load  of  pine 
in  short  blocks  is  assumed  as  5000  pounds. 

Each  pump,  except  the  three  lowest,  is  supposed  to  be  provided 
with  its  own  underground  balance-bob.  The  pumps  are  14  inches 
diameter,  with  8-foot  stroke,  and  are  situated  250  i'eei  apart.  The 
pump-rod  is  tapered  from  17.3  inches  square,  at  the  top  of  the 
4800  foot  lift,  to  8  inches  square  at  the  bottom. 

In  proportioning  the  pipe  for  the  moving-pipe  pump,  which  is 
supposed  to  be  of  the  type  shown  in  Fig.  6  or  Fig.  7,  with  the 
joint  I  H  covered  with  a  flange,  the  interior  diameter  is  taken  at  11^ 
inches;  giving  an  area  of  96.7  square  inches. 

The  ultimate  tensile  strength  of  the  iron  employed  is  taken  at 
48,000  pounds  per  square  inch,  and  the  ultimate  compressive  strength, 
in  short  blocks,  36,000  pounds.  The  compressive  strength  of  the 
pipe  is  calculated  by  Gordon's  formula.  All  the  moving  parts  are 
supposed  to  be  made  either  of  wrought  iron  or  cast  steel,  and  the 
weight  of  the  pipe  is  supposed  to  be  increased  50  per  cent,  by  the 
joints  and  attachments,  as  plunger,  etc.      The    pipe   and  attached 
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moving  parts  are  supposed  to  be  entirely  nounterbalanced  by  means 
of  bobs  situated  at  every  pump,  or  250  feet  apart. 

The  water-balance  pump,  referred  to  in  the  table,  is  of  the  type 
shown  in  Fig.  7,  this  plate  being  the  drawing  of  the  eighth  pump 
from  the  bottom,  or  the  uppermost  pump  of  the  2000-foot  lift, 
and  the  iniddle  pump  of  the  4000-foot  lift.  With  this  pump,  also, 
all  moving  parts  are  supposed  to  be  made  of  wrought  iron  or  cast 
steel.  The  area  of  the  water-balance  plungers  increases  from  132.7 
squai'e  inches  in  the  bottom  pump,  to  323.6  square  inches  in  the  six- 
teenth pump  from  the  bottom,  or  3750  feet  from  the  bottom.  The 
area  of  the  interior  of  the  pipe  is  the  same  as  the  pump-plunger,  viz., 
153.94  or  14  inches  diameter. 

Is  is  hardly  necessary  to  say  that  the  water  raised  during  the  up- 
stroke (for  in  the  four  lowest  pumps  of  the  series  the  water-balance 
plunger,  being  smaller  than  the  pipe,  some  water  is  lifted),  as  also  that 
which  descending  acts  as  counterbalance,  is  included  in  "mass  set  in 
motion"  of  the  water-balance  pump. 

The  column  "mass  set  in  motion"  is,  in  all  cases,  the  greatest 
mass  in  motion,  whether  on  the  up-stroke  or  down-stroke. 

No  allowance  whatever  has  been  made  for  friction  in  calculating 
the  dimensions  for  the  table. 

In  making  this  comparison  it  would  be  obviously  unfair  to  the 
wooden-rod  system,  to  compare  an  accurately  tapered  pipe  with  a 
wooden  rod  of  the  uniform  size  from  top  to  bottom.  As  in  the  Com- 
stock  practice,  where  the  wooden-rod  system  has  been  carried  to  its 
greatest  depth,  no  use,  or  very  little  use,  is  made  of  tapered  rods,  I 
have  been  obliged  to  suppose  a  case,  in  which  all  possible  weight  has 
been  saved  by  tapering  the  rod,  so  that  it  may  have  a  maximum  of 
strength  with  a  minimum  of  weight,  and  to  neglect  actual  data  from 
the  Comstock  in  my  possession.  The  actual  weight  of  moving  parts 
and  of  "mass  set  in  motion,"  of  any  plant  on  the  wooden-rod  system 
now  in  operation  on  the  Comstock  lode,  would  be,  for  a  14-inch 
pump,  largely  in  excess  of  the  weights  given  in  the  table.  So  that  a 
comparison  of  either  of  the  two  new  systems  with  the  wooden-rod 
system,  as  actxiaUy  applied  on  the  Comstock,  would  show  a  "  ma.ss 
set  in  motion  "  considerably  less  than  half  that  required  in  actual 
Comstock  practice. 

It  is  also  true  that  the  theoretical  weights  of  the  moving  pipes 
would,  in  practice,  be  somewhat  increased,  owing  to  the  fact  that  too 
frequent  change  in  size  and  weight  of  the  variable  parts  would  lead 
to  too  great  a  complication  in  construction  and  repairs. 
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Table  of  Weights  of  the  Wooden-rod  System  compared  with  bloving- 
pipe  and  Water-balance  Systems,  for  a  Series  of  14-i7ich  Pumps, 
at  various  depths : 
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Total  depth,"!  Wooden  rod 

1000  f.-et,  VMoving  pipe.... 
4  pumps,  j  Water  balance. 

Total  dppth,"!  Wooden  rod 

1.500  feet,  V Moving  pipe 

6  pumps. )  Water  balance. 

Total  depth,"!  Wooden  rod 

2000  feet,  VMoving  pipe.... 
8  pumps.)  Water  balance. 

Total  depth,")  Wooden  rod 

2.500  feet,  >Moving  pipe.... 
10  pumps.  J  Water  balance. 

Total  depth,)  Wooden  rod 

3000  feet,  V Moving  pipe... 
12  pumps.  J  Water  balance. 

Total  depth,"!  Wooden  rod 

3500  feet,  VMoviug  pipe.... 
14  pumps.)  Water  balance. 

Total  depth,"!  Wooden  rod 

4000  feet,  VMoving  pipe.... 
16  pumps.]  Water  balance. 

66,496 
99,744 
1.32,992 
166.240 
199,488 
232,736 
265,984 

76,520 
41,800 
49,942 

104,188 
62,700 
74,910 

130,616 
83,610 
99,978 

157,014 
104,500 
124,846 

182,512 
125,40(1 
149,814 

207,080 
146,300 
174,782 

231,928 
167,200 
199,750 

10,024 
24,692 
16,552 

4,444 
37,038 
24,834 

2,376 
49  384 
33,117 

9,136 
61,730 
41,400 

16,976 
74.076 
49,683 

25,656 
86,422 
57,966 

34,056 
98,768 
u6,248 

58,170 
36,095 
42,082 

106,470 
66,657 
70,911 

170,520 
108..X43 
110,224 

249,690 
161,154 
160,021 

:U3,770 
225,088 
220,302 

452,550 
300,146 
291,067 

575,400 
386,328 
372,316 

3,326 
36,095 

43,274 
8..5.54 
16,695 

54.316 
12,831 
25,038 

64,120 
17,108 
33,380 

74.939 
21,385 
41,722 

82,786 
25,662 
50,064 

90,712 
29,939 
58,406 

98,936 
34,216 
66,748 

189,616 
122.545 
117,418 

306,164 

208,845 
190,690 

450,888 
317,404 
280,-S80 

626,807 
448,193 
388,003 

830,654 
601,238 
512,041 

1,054.820 
776,531 
52,999 

1,327,144 
974,072 
810,879 
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"i.3.2" 
12.5 

23,95S 
66,657 

11.2 

61,580 
108,343 

12.7 

17.6 
16.6 

114,262 
161,154 

14.1 
15.2 

229 
20.8 

182,934 
225,088 

267,146 
300,146 

26.5 
24.9 

16.3 

30.8 
29.1 

365,148 
386,328 

17.3 

35.3 
33.2 

For  convenience  in  calculating  the  weights  given  in  the  table,  the  weights  of 
the  parts  attached  to  the  rod  or  pipe,  and  moving  with  it,  such  as  the  plunger 
with  its  connection,  the  branch  rods,  etc.,  have  been  for  each  system  assumed  to 
constitute  a  fixed  proportion  of  the  weight  of  the  rod  or  pipe  for  each  pump  ;  the 
proportion  taken  being  that  of  the  middle  pump  of  the  series.  The  total  weights, 
therefore,  given  in  the  table,  will  be  for  depths  less  than  2000  feet,  somewhat  too 
small,  and  for  depths  greater  than  2000  feet,  too  great.  As  the  plan  has  been 
followed  in  the  three  systems,  the  comparative  value  of  the  table  is  not  affected. 

A  careful  consideration  of  this  paper  will  show  that  while  in  sim- 
plicity of  construction,  accessibility  of  valves,  and  in  general  ease  of 
construction  and  repair,  the  systems  here  proposed  are  in  no  way 
inferior  to  the  Cornish  system,  they  possess  unquestionable  advan- 
tages over  that  system  in  the  following  respects  : 

1st.  As  in  either  of  the  two  systems  proposed,  the  moving  pipe 
replaces  both  the  rod  and  mounting  pipe  of  the  old  system,  the  first 
cost  of  the  plant  is  very  considerably  lessened. 
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2d.  Either  of  the  systems  requires  far  less  room  in  the  shaft,  and 
consequently  less  cost  for  excavation  and  timbering,  than  the  wooden 
rod  system.* 

3d.  All  the  moving  parts  subject  to  great  tensile  strain  being  hol- 
low, the  entire  structure  admits  of  an  inexpensive  hydraulic  test  in 
the  shop,  thus  reducing  the  chance  of  breakage  to  a  minimum. 

4th.  Inasmuch  as  the  depth  to  which  the  present  system  can 
be  carried  is  limited  by  the  magnitude  of  the  "  mass  to  be  set  in 
motion  "  at  each  stroke,  and  as  in  the  new  system  this  mass  is  very 
materially  reduced,  it  follows  that  a  much  greater  depth  can  be 
attained  with  the  new  than  with  the  old  system. 

5th.  That  for  any  depth,  the  mass  to  be  set  in  motion  being  much 
less,  the  velocity  of  the  mass  may  be  greater,  and  that,  therefore, 
either  a  smaller  pump 'may  be  used,  or  with  the  same  size  of  pump 
a  greater  useful  effect  may  be  had. 

The  increase  of  useful  effect  due  to  this  decreased  mass  set  in  mo- 
tion, I  estimate  from  one-half  to  two-thirds  the  entire  useful  effect 
of  the  wooden-rod  system. 

Salt  Lakk  City,  Nov.  11,  1878. 


*  This  is  especially  true  of  the  water-balance  pump,  which  avoids  entirely 
the  use  of  underground  balance-bobs.  The  excavation  and  timberinsj  of  the 
chamber,  the  construction,  erection,  and  attachment  of  the  underground  bobs  in 
common  use  on  the  Comstock  lode  to-day,  cost  from  $2500  to  $4000  for  each 
bob,  and  the  common  practice  is  to  have  one  for  every  two  pumps,  or  say  400 
feet  apart. 
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A  DIRECT  PROCESS  OF  COPPER  SMELTING. 

BY  H.    M.    HOWE,    A.M.,   E.M.,    BOSTON,   MASS. 

(Read  at  the  Lake  George  Meeting,  October,  1878.) 

Many  direct  processes  have  been  proposed  for  the  treatment  of 
oxidized  ores  of  copper  by  reducing  the  copper  oxide  to  the  metallic 
state,  and  by  separating  it  from  its  impurities  by  a  subsequent  fusion. 
The  radical  objection  common  to  all  the  methods  which  have 
come  to  my  notice,  except  those  in  which  sulphur  plays  the  promi- 
nent part,  is  that  the  very  deoxidizing  agent  which  eflPects  the  reduc- 
tion of  the  copper  oxide,  inevitably  reduces  at  the  same  time  a  very 
considerable  part,  if  not  the  whole,  of  the  iron  which  almost  inva- 
riably accompanies  copper  in  its  ores.  The  result  is  that,  when  the 
ore  is  subsequently  fused,  a  very  great  quantity  of  the  already  re- 
duced iron  separates  from  the  slag  along  with  the  copper,  alloying 
with  it,  and  necessitating  costly  subsequent  operations  for  its  separa- 
tion. Thus,  at  Perm,  in  the  Urals,*  the  product  of  the  fusion  of 
ferruginous  copper  oxides  is  a  mixture  of  one  hundred  and  fifty-five 
parts  of  highly  cupriferous  pig  iron  with  two  hundred  and  five  parts 
of  very  impure  and  ferruginous  black  copper,  containing  some  10 
per  cent,  of  carbon  and  iron,  though  free  from  sulphur,  and  of 
course  very  difficult  to  refine. 

If,  in  order  to  avoid  this  reduction  of  iron  to  the  metallic  state, 
the  reducing  action  be  made  feebler,  it  inevitably  results  that  a  con- 
siderable part  of  the  copper  as  well  escapes  deoxidation  ;  and,  conse- 
quently, the  slags  are  so  rich  that  it  becomes  necessary  to  treat  them 
subsequently  in  order  to  recover  the  copper  which  they  contain. 
Thus,  in  treating  native  copper,  at  Lake  Superior,  where  the  reduc- 
ing action  is  purposely  made  feeble  in  order  to  prevent  the  deoxi- 
dation of  the  iron,  the  slags  from  the  first  fusion  of  the  ore  carry  so 
much  coi)per  as  to  render  it  imperative  to  treat  them  again,  which  is 
done  in  a  cupola.  And  yet,  in  spite  of  so  far  weakening  the  reduc- 
ing action  as  to  cause  a  notable  slagging  of  the  copper,  a  verv  con- 
siderable reduction  of  iron  actually  takes  place. 

These  are  the  two  dangers  which  threaten  the  smelter  of  oxidized 
copper  ores.  If  he  wishes  to  avoid  slagging  his  copper,  he  must 
have  so  strong  a  deoxidizing  action  as  to  reduce  a  great  deal  of  his 

*  Rivot,  PrincipesGeneraiix  du  Truitoment  des  Minerals  Metalliques,  i,  p.  70. 
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iron  to  the  metallic  state,  and  so  produce  a  very  ferruginous  black 
copper,  very  difficult  to  refine;  and,  if  he  would  steer  clear  of  Scylla 
on  this  side,  he  inevitably  strikes  Charybdis  on  the  other  ;  for,  if,  in 
order  to  lessen  the  amount  of  iron  in  his  product,  he  enfeebles  his 
reducing  action,  it  will  not  be  strong  enough  to  prevent  a  great  slag- 
ging of  his  copper. 

Apparently  the  only  way  to  avoid  tiiese  two  dangers,  which 
threaten  on  either  hand,  is  to  employ  a  reducing  agent  which  is  ca- 
pable of  completely  deoxidizing  copper  oxide,  but  which  is  unable 
so  fully  to  deoxidize  iron  oxide  that,  on  subsequent  fusion,  any  of 
this  metal  should  separate  in  the  metallic  state. 

While  studying  this  subject  with  our  fellow-member,  Mr.  W.  E. 
C.  Eustis,  a  mixture  of  carbonic  oxide,  or  other  strongly  reducing 
gas,  with  some  less  strongly  reducing,  or  even  with  some  non-reduc- 
ing, gas,  such  as  carbonic  acid  or  vapor  of  water,  suggested  itself  as 
an  agent  fitted  for  this  work.  It  was  believed  that,  owing  to  the 
fact  that  copper  has  a  much  weaker  affinity  for  oxygen  than  iron 
has,  it  might  be  possible  to  mix  two  or  more  of  such  gases  in  such 
proportions  that,  wliile  the  mixture  should  be  able  to  entirely  rob 
the  copper  of  its  oxygen,  it  should  only  be  able  to  remove  a  slight 
portion  of  the  oxygen  which  was  combined  with  the  iron. 

It  was  further  believed  that,  if  the  ore  were  melted  after  this 
treatment,  without  having  been  exposed  to  any  conditions  which 
would  reoxidize  the  copper,  this  metal,  being  wholly  in  the  metallic 
state,  would  completely  separate  out  from  the  slag,  while  the  iron, 
still  retaining  a  considerable  quantity  of  oxygen,  would  remain 
wholly  in  the  slag. 

The  following  experiments  which  we  tried  threw  considerable 
light  on  the  subject : 

Experiment  1. — Some  CuO,  previously  ignited  in  O,  was  ex- 
posed in  a  glass  combustion-tube  to  a  stream  of  CO,  whicii  had 
been  passed  through  caustic  potash,  and  then  through  chloride  of 
calcium.  At  the  ordinary  temperature  the  gas  escaping  from  the 
combustion-tube  did  not  produce  the  faintest  turbidity  in  lime-water. 
The  temperature  was  very  gradually  raised.  It  was  not  until  the 
CuO  had  reached  a  temperature  of  from  85°  to  90°  C.  that  the  least 
turbidity  arose,  but  on  reaching  this  temperature  the  lime-water  be- 
came distinctly  turbid. 

This  experiment  clearly  showed  that  CO  attacks  CuO  at  a  tem- 
perature much  below  that  at  which  it  first  begins  to  act  on  Fe203; 
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since  Bell's  careful  experiments*  have  sho\A'n  that  CO  does  not  re- 
duce the  most  porous  forms  of  FcgOg  below  a  temperature  of  141° 
C,  while  the  denser  forms  of  FcgO,  refuse  to  yield  up  any  of  their  O 
below  a  temperature  of  200°  C. 

Experiment  2. — To  discover  the  rate  at  which  CuO  becomes 
reduced  by  CO  at  these  low  temperatures  a  lot  of  the  same  CuO 
was  exposed  at  a  temperature  of  200°C.  to  a  stream  of  CO.  At  the 
end  of  four  hours  the  CuO  had  lost  about  10  per  cent,  of  its  O. 

Experiment  3. — A  lot  of  similar  CuO  was  exposed  to  a  stream 
of  CO  for  one  hour  at  a  temperature  of  325°  C.  At  the  end  of  this 
time  97  per  cent,  of  the  initial  oxygen  had  been  removed. 

By  referring  to  Bell's  experiments,  19  to  48  {loc.cit.),  it  will  be 
seen  that  copper  oxide,  even  when  in  this  compact  form,  is  reduced 
at  these  low  temperatures  much  more  rapidly  than  the  most  porous 
and  easily  reducible  forms  of  iron  oxide. 

These  experiments  having  indicated  that  copper  oxide  is  acted 
on  by  CO  at  much  lower  temperatures,  and  much  more  rapidly  than 
iron  oxide  is,  we  next  proceeded  to  study  the  efTect  of  a  mixture  of 
equal  volumes  of  CO  and  COg  on  CuO,  similar  to  that  previously 
used. 

Experiment  5. — Pure  CuO  was  exposed  for  twenty-five  minutes 
to  a  stream  of  equal  volumes  of  CO  and  CO2  at  the  temperature  of 
melting  zinc.     1.1  per  cent,  of  O  remained. 

This  reduction  is  much  more  rapid  than  that  performed  by  Bell 
{loc.  cit.,  Experiment  379).  This  may  be  due  to  the  stream  of  gas 
being  more  rapid,  or  to  the  CuO  being  in  a  more  porous  condition 
in  our  experiment. 

ExPERiAfENT  6. — Pure  CuO  was  exposed  to  a  stream  of  equal 
volumes  of  CO  and  CO.^,  for  thirty  minutes,  at  a  dull-red  heat. 
The  product  was  highly  sectile  and  metallic,  the  reduction  being 
apparently  nearly  complete. 

Experiment  7. — Some  native  malachite  was  exposed  to  the  same 
gas  for  thirty  minutes  at  a  dull-red  heat.  The  residue  was  thoroughly 
digested  in  dilute  H.^SO^:  in  the  solution  were  found  only  1.25  per 
cent.  Cu.  Supposing  this  to  have  existed  solely  as  CuO,  1.25  per 
cent,  only  of  Cu  had  not  reached  the  metallic  state.  Even  if  it  had 
all  existed  as  CuP,  all  but  2.5  per  cent,  of  the  Cu  must  have  been 
in  the  metallic  state. 

*  Journal  of  the  Iron  and  Steel  Institute,  1871,  vol.  i,  p.  98. 
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Experiment  8. — Treated  some  very  compact  native  chrvsocolla, 
in  the  same  way  as  in  Experiment  7.  3.6  per  cent,  of  copper  was 
soluble  in  dilute  H2SO4,  indicating  that  between  3.6  and  7.2  per 
cent,  of  coj)per  remained  combined  with  oxygen.  In  the  residue 
we  foinid  10.<S  per  cent,  copper,  soluble  in  boiling  aqua  regia,  which 
Mould  indicate  that  between  10.8  and  7.2  per  cent,  copper  has  passed 
to  the  metallic  state. 

This  experiment  shows  what  we  would  naturally  have  expected, 
that  compact  chrysocolla  is  attacked  much  more  slowly  than  the 
porous  malachite,  whose  natural  porosity  is  increased  by  the  expul- 
sion of  its  CO^.  Still,  that  the  copper  in  so  strong  a  chemical  com- 
pound as  copper  silicate,  should  have  been  robbed  of  nearly  half  its 
oxygen  by  so  weak  a  reducing  agent  as  was  here  employed,  and  in 
so  short  a  time,  was  certainly  most  encouraging. 

The  experiments  just  quoted  are  fully  confirmed  by  Bell's  [loc. 
cit.,  p.  174),  which  showed  that  equal  volumes  of  CO  and  CO^  not 
only  were  unable  to  oxidize  spongy  Cu,  but  completely  reduced 
CuO  to  the  metallic  state  at  a  red  heat. 

This  same  mixture  of  gases  had  already  been  demonstrated  by 
Bell  to  be  incapable  of  reducing  iron  oxides  to  the  metallic  state  at 
a  red  heat ;  indeed  its  action  is  to  oxidize  metallic  iron  to  the  state 
of  FeO,  to  which  state  it  reduces  higher  oxides  of  iron  as  well  [loc  cit., 
p.  112).  Here  then  we  have  an  agent  which  is  capable  of  rapidly  and 
completely  reducing  copper  oxide  to  the  metallic  state,  but  is  inca- 
pable of  so  far  reducing  iron  oxide  that,  on  subsequent  fusion,  any 
of  the  latter  metal  will  separate  in  the  metallic  state.  The  evidence 
afforded  by  the  experiments  I  have  just  quoted  seemed  so  very  en- 
couraging, that  it  was  decided  to  try  on  a  commercial  scale,  a  pro- 
cess based  on  the  principles  already  set  forth.  This  was  done  at  the 
smelting  works  of  oNIessrs.  A.  Hemenway  &  Co.,  the  Hornos  del 
Korte,  at  Caldera,  Chili,  under  my  pergonal  supervision. 

The  process,  as  carried  out  on  a  large  scale,  naturally  divides 
itself  into  two  parts,  (1)  the  reduction, and  (2)the  subsequent  fusion — 
the  scorification  of  the  iron  and  the  separation  of  the  copper  in  the 
metallic  state. 

I.  The  lieduction. — The  a})paratus  employed  for  this  is  shown  in 
transverse  section  in  the  accompanying  sketch.  It  consisted  of  a 
central  rectangular  retort.  A,  in  which  the  ore  was  placed,  and  two 
rectangular  chambers,  CC,  on  either  side  of  the  retort,  in  which 
gas  was  burned  for  the  purpose  of  heating  the  ore  in   the  retort. 
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to  tlie  temperature  of  rapid  deoxidation.  The  gas  used  for  the  re- 
duction was  forced  in  at  D  at  the  top  of  the  retort,  found  its  way 
downwards  through  the  column  of  ore,  and  escaped  from  the  bottom 


of  the  retort,  through  the  apertures,  BB,  mto  the  combustion-cham- 
bers, CC.  In  the  latter  any  CO  which  had  not  been  oxidized  to 
CO^  in  passing  through  the  retort,  A,  was  burned.  In  addition  to 
this  a  further  sup{)ly  of  gas  was  admitted  into  the  chambers,  C  C, 
direct  from  the  gasog^nes. 

As  soon  as  the  copper  oxide  had  been  thoroughly  reduced  the 
supply  of  gas  M'as  stopped,  both  in  the  retort,  A,  and  in  the  cham- 
bers, C  C,  and  the  charge  was  either  dropped  at  once  through  the 
bottom  of  the  retort  into  the'melting  furnace,  or  was  allowed  to  cool 
in  a  non-oxidizing  atmosphere.  For  i-egular  working,  a  continuously 
working  furnace,  with  a  cooling  apparatus  at  the  bottom,  like  Blair's 
sponge  furnace,  would  have  been  preferable. 

The  gas  injected  into  the  column  of  ore  contained  from  6  to  13 
per  cent,  of  CO..  The  means  of  supplying  the  CO,  was  very  simple. 
It  consisted  simply  in  keeping  a  thin  layer  of  fuel  in  the  gasogene. 
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and  in  stirring  it  only  at  rare  intervals;  in  short,  it  was  hardly 
necessary  to  do  more  than  to  direct  the  workman  to  neglect  his  fire. 
At  first  it  was  necessary  to  make  freqnent  assays  of  the  gas  that  was 
designed  for  the  work  of  reduction  ;  but,  after  a  little  experience, 
tiie  workmen  were  able  to  judge  by  the  eye  when  the  gas  was  of  the 
right  composition.  By  keeping  the  composition  of  the  gas  within 
these  limits,  it  was  found  that  the  copper  was  thf)roughly  and 
rai)idly  brought  to  the  metallic  state,  while  no  evidence  was  given 
of  the  iron  being  considerably  deoxidized.  At  a  temperature  ap- 
proaching dull  redness  it  was  found  that  the  operation  went  on  with 
rapidity.  Four  hours' exposure  sufficed  to  completely  reduce  the  ore 
which  lay  in  the  upper  part  of  the  retort,  and  which  was  conse- 
quently exposed  to  the  gas  before  the  reducing  power  of  the  latter 
had  been  at  all  expended.  Of  course  the  time  needed  for  reducing 
the  whole  column  depended  upon  the  rapidity  of  the  stream  of  gas, 
for  but  little  reducing  power  could  be  exerted  upon  any  particular 
layer  of  ore  until  the  copper  in  the  layers  above  it  had  been  consid- 
erably deoxidized.  This  is  easily  understood  when  we  consider 
how  weak  a  hold  copper  oxide  has  upon  its  oxygen  ;  so  weak  is  it, 
that  one  of  the  easiest  methods  of  completely  converting  CO  into 
CO2,  is  to  pass  it  through  copper  oxide.  From  this  it  would  be  in- 
ferred that  the  reducing  power  of  the  CO  and  H  which  were  con- 
tained in  the  gas,  would  be  very  fully  utilized  during  its  passage 
through  the  ore;  and  this  was  the  case,  the  percentage  of  CO2  in 
the  gas  in  the  lower  part  of  the  retort  being  occasionally  as  high  as 
54,  the  remainder  being  principally  N.  When  the  deoxidation  of 
the  copper  oxide  was  nearly  complete  the  proportion  of  CO.^  in  the 
escaping  gases  of  course  fell ;  and  this  afforded  a  very  clear  and 
easily  recognized  indication  that  the  process  was  nearly  complete. 
For  as  long  as  nearly  the  whole  of  the  CO  of  the  gas  was  being 
converted  into  CO2  by  the  ore,  and  was  thus  rendered  non-combus- 
tible, it  would  not  burn  on  issuing  from  the  retort.  A,  into  the  cham- 
bers, CC;  but  when  the  reduction  of  the  copper  oxide  was  nearly 
complete,  the  CO  of  the  gas  would  be  but  partially  oxidized  into 
CO2,  and,  on  issuing  into  the  chambers,  C  C,  the  unoxidized  CO 
\vould  give  the  workman  notice  of  its  presence  by  the  bright  flame 
which  issued  from  the  apertures,  B  B. 

I  would  take  this  opportunity  to  testify  to  the  great  convenience 
and  efficiency  of  the  Orsat  apparatus  for  the  analysis  of  furnace 
gases.     In  tliese  and  the  other  experiments  which  I  made  at  Caldera, 
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I  made  somewhere  in  the  neighborhood  of  one  thousand  gas  analyses 
with  one  of  these  excellent  instruments;  I  found  it  of  the  very 
greatest  use  in  interpreting  the  somewhat  complicated  phenomena, 
which,  without  it,  would  have  been  very  difficult  to  understand. 

It  was  found  that  reduction  went  on  tolerably  fast  at  very  low 
temperatures.  Indeed,  the  gas  escaping  from  the  lower  part  of  the 
retort  showed  a  considerable  proportion  of  COj  when  the  ore  was 
still  so  cool  that  one  could  easily  bear  his  hand  for  a  few  seconds  on 
the  cast-iron  walls  of  the  retort.  With  increasing  temperatures  the 
rapidity  of  the  deoxidation  was  greatly  increased  ;  and  at  the  highest 
temperature  which  was  used,  which  was  a  dark-red  heat,  the  reduc- 
tion went  on  much  faster  than  at  any  lower  heat. 

The  product  of  the  exposure  of  copper  oxides  to  this  operation 
was  of  a  bright  copper-color,  and  of  a  spongy  texture  (indeed, 
analogy  would  lead  us  to  call  it  copper  sponge).  It  could  be  easily 
broken  in  the  fingers,  although  the  original  ore  was,  in  many  cases, 
exceedingly  compact  and  hard.  The  gangue  naturally  was  in  gen- 
eral entirely  unaffected ;  some  lumps  of  pyrite,  of  chalcopyrite,  and 
of  other  copper  sulphides,  which  were  experimented  upon,  were  but 
slightly  affected. 

If  the  exposure  were  kept  up  for  a  great  length  of  time,  the  lumps 
of  sponge  were  frequently  found  to  be  coated  with  a  black  carbona- 
ceous matter,  which  may  have  arisen  from  the  splitting  up  of  CO, 
or  may  have  merely  been  a  deposition  of  the  soot,  which  is  copiously 
developed  by  the  Chilian  coal.  It  was  found  that  the  sponge  rap- 
idly absorbed  oxygen  from  the  air  at  comparatively  low  tempera- 
tures. Although  no  accurate  observation  of  the  temperature  at 
which  oxidation  commences  was  made,  my  observations  incline  me 
to  think  it  could  not  have  been  far  above  212°  F.  (100°  C.) 

On  some  occasions  when  the  sponge  was  exposed  to  the  air  before 
being  thoroughly  cooled,  the  absorption  of  oxygen  was  so  rapid  as 
to  cause  an  intense  elevation  of  temperature.  Thus,  one  charge  was 
drawn  when  the  greater  part  of  it  was  stone  cold ;  a  small  part  of 
it  was,  however,  slightly  warm.  This  oxidized  with  such  rapidity 
that  the  rest  of  the  charge  was  soon  raised  to  the  temperature  of 
oxidation,  and,  although  a  copious  quantity  of  water  was  thrown  on 
it  as  soon  as  it  was  perceived  to  be  burning,  yet  almost  the  whole 
of  the  pile  became  oxidized  before  we  could  check  the  combustion. 
While  thus  rapidly  oxidizing,  a  beautiful  play  of  colors  was  to  be 
seen  on  the  exterior  of  each  lump  of  ore. 
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When  kept  quite  dry,  the  sponge  seemed  to  have  little  tendency 
to  oxidize;  but  if  it  was  exposed  to  the  night  air,  which  is  exceed- 
ingly damp  at  Caldera,  it  gradually  became  carbonated,  and  was 
converted  into  a  green  and  very  friable  mass.  If,  however,  it  were 
but  slightly  protected,  as  by  being  placed  in  bins,  or  in  sheds,  it 
would  remain  unaltered  for  considerable  lengths  of  time. 

Although  the  ore  was  never  raised  above  a  dull-red  heat  in  these 
operations,  and  was  consequently  always  far  below  the  temperature 
of  incipient  plasticity,  a  very  rapid  formation  of  moss  copper  took 
place.  Many  of  the  lumps  of  sponge  (for  the  size  and  shape  of  the 
lumps  of  ore  were  not  materially  changed  by  this  reducing  opera- 
tion, coming  out  as  they  went  in,  of  about  the  volume  of  a  two-inch 
cube)  were  covered  with  a  coating  of  fine  curly  hairs  of  moss  cop- 
per, the  individual  hairs  sometimes  reaching  a  length  of  two  inches 
during  the  short  period  when  they  were  in  the  reducing  retort.  I 
am  aware  that  a  slow  growth  of  moss  copper  and  silver  has  often 
been  observed  in  cabinets,  even  at  the  ordinary  temperature;  but  I 
was  not  at  all  prepared  for  this  extremely  rapid  growth,  at  so  low  a 
temperature  as  existed  in  this  reducing  furnace. 

3IeUing  the  Sponge. — Since  the  copper  smelting  furnaces  at  Cal- 
dera, which  are  of  the  ordinary  Welsh  reverberatory  pattern,  can 
be  so  worked  as  to  have  a  very  mildly  oxidizing  atmosphere,  it  was 
at  first  hoped  that  it  might  be  possible  to  drop  the  sponge  from  the 
reducing  retort  directly  into  the  reverberatory  (over  which  the  retort 
was  built  with  this  design),  without  waiting  for  the  tedious  opera- 
tion of  cooling  it  down.  But  these  furnaces  have  a  very  flat  bottom, 
so  as  to  expose  as  great  a  surface  of  the  ore  as  is  possible  to  the 
flame,  to  hasten  the  fusion.  This,  of  course,  prevented  our  covering 
the  sponge  with  slag,  or  in  any  way  protecting  it  from  the  direct 
action  of  the  flames;  the  consequence  was  that  the  sponge  lay  en- 
tirely naked,  until  it  was  completely  melted,  and,  although  the 
atmosphere  was  kept  as  mildly  oxidizing  as  possible,  yet  the  expo- 
sure was  so  long  that  a  considerable  slagging  of  the  copper  took 
place. 

To  avoid  this  oxidizing  exposure,  a  very  deep  basin-like  furnace 
was  built,  so  that  a  small  quantity  of  slag  could  cover  a  great  quan- 
tity of  melted  copper,  or  of  unmelted  sponge,  and  protect  it  from 
oxidation.  Before  charging  any  sponge  in  this,  a  small  charge  of 
shells  and  slag  was  melted  in  the  basin,  so  as  to  form  a  bath  with 
which  the  sponge  could  be  covered.     When  this  was  quite  fluid  the 
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sponge  was  charged  in  small  quantities  at  a  time,  the  atmosphere 
being  kept  as  non-oxidizing  as  possible. 

The  sponge  was  very  light,  and  floated  on  the  slag  as  corks  do  on 
water.  As  the  heat  of  the  furnace  was  very  high,  and  as  the 
slag  was  correspondingly  liquid,  it  was  found  easy  to  protect  the 
sponge  from  the  direct  action  of  the  flames  by  stirring  it  vigorously 
with  a  rabble,  and  mixing  it  with  the  slag.  A  minute's  stirring 
after  charging  each  lot  of  sponge  was  sufficient  to  cover  it  thoroughly 
with  slag.  To  further  guard  against  oxidizing  the  sponge  before  it 
was  well  protected  with  the  slag,  the  atmosphere  of  the  melting 
furnace  was  overcharged  with  gas,  the  air-valve  being  almost  en- 
tirely closed.  The  percentage  of  CO.^  in  the  middle  of  the  rever- 
beratory  was  from  11  to  13,  while,  when  the  atmosphere  of  the  fur- 
nace was  clear,  it  contained  only  from  5  to  8  per  cent,  of  CO^.  At 
the  same  time  the  draught  was  checked,  to  prevent  the  entrance  of 
any  air  from  the  working  door. 

In  some  cases  a  quite  violent  ebullition  took  place  immediately 
after  charging  the  sponge,  lasting,  however,  only  a  few  minutes, 
after  which  the  surface  of  the  bath  was  perfectly  tranquil.  This 
ebullition  may  have  been  due  to  moisture  adhering  to  the  sponge, 
or  to  the  sudden  expulsion  of  CO2  from  the  calcite  gangue  which 
some  of  the  ores  treated  carried,  or  to  the  oxidation  of  the  carbona- 
ceous matter  which  in  some  cases  coated  the  sponge.  I  am  inclined 
to  attribute  it  to  the  latter  cause,  at  least  in  some  cases,  since  it  was 
several  times  accompanied  by  the  escape  of  minute  blue  flames, 
which  burst  through  the  slag  very  much  as  in  a  puddling  or  a  black 
ash  furnace.  About  twenty  minutes  was  required  to  thoroughly 
melt  each  charge  of  sponge. 

A  slight  quantity  of  very  rich  regulus  was  frequently  found  to 
accompany  the  copper  which  resulted  from  these  operations.  This 
probably  arose  in  part  from  the  presence  of  a  small  amount  of  sul- 
phides in  the  ore,  though  none  were  visible ;  but  principally  from 
the  fact  that  the  furnace  bottom  was  slightly  impregnated  with 
copper  regulus,  which  it  had  absorbed  from  former  operations  in 
which  sulphides  had  been  used. 

When  this  furnace  was  commenced,  it  had  already  been  decided 
to  close  the  smelting  works,  the  price  of  copper  having  fallen  so  low 
that  there  was  no  margin  for  profit,  and  the  proprietors  not  looking 
for  any  early  permanent  improvement  in  the  market;  this  sponge- 
melting  furnace  was  therefore  built  simply  in  order  to  test  our  pro- 
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cess,  aiul  was  made  no  larger  than  seerned  necessary  to  afford  a  sat- 
isfactory trial,  its  total  capacity  being  only  abont  15  cwt. 

Owing  to  the  fine  state  of  division  of  the  sponge,  some  of  it  re- 
mained mechanically  suspended  in  the  slag  even  when  the  fusion 
was  complete.  It  was  therefore  found  expedient  to  allow  it  to  re- 
main tranquil  for  some  time  after  it  had  been  thoroughly  melted, 
to  allow  the  suspended  copper  to  settle.  Advantage  was  taken  of 
this  opportunity  to  employ  the  method  of  Rivot  and  Phillips  of 
lemoving  from  the  slag  any  copper  w^hich  was  chemically  combined 
with  it,  by  inserting  iron  rails  into  it.  When  the  iron  rail  had  been 
brought  up  to  a  red  heat,  it  was  inserted  into  the  upper  part  of  the 
layer  of  slag,  and  gently  moved  about,  so  as  to  bring  it  into  contact 
with  fresh  portions  of  slag,  care  being  taken  not  to  allow  the  rail 
to  dip  so  deep  as  to  come  in  contact  with  the  bath  of  copper  which 
lay  underneath  in  the  bottom  of  the  basin.  By  observing  this  pre- 
caution, the  danger  of  the  iron  melting  and  alloying  with  the  cop- 
per is  entirely  avoided.  The  copper  chemically  combined  with  the 
slag  was  rapidly  precipitated  on  the  rail,  the  latter  becoming  coated 
with  a  bright-yellow  film  of  copper  in  the  course  of  a  few  minutes. 
An  hour  generally  sufficed  to  thoroughly  impoverish  the  slag. 

The  action  of  the  iron  rails  is  so  clear  that  I  need  hardly  describe 
it.  Since  copper  has  a  lower  affinity  for  oxygen  than  iron  has  the 
oxide  of  copper  in  the  slag  yields  up  its  oxygen  to  the  iron  of  the 
rail,  and  passing  into  the  metallic  state  releases  the  silica  with 
which  it  was  combined  in  the  slag,  which  latter  instead  combines 
with  the  iron  which  has  just  become  oxidized  at  the  expense  of  the 
copper  oxides;  as  in  the  reaction 

CuO(SiO,)^.  4-  Fe  =  FeO(SiOJ_^  -\-  Cu. 

In  this  way,  what  with  the  mechanical  settling  out  of  suspended 
metallic  copper,  and  with  the  deoxidation  of  the  copper  oxides  of 
the  slag  by  means  of  iron  rails,  the  tenor  of  the  slag  was  quickly 
reduced  from  1.5  or  1.7  per  cent,  of  copper  to  .7  or  .8  per  cent. 
The  consumption  of  iron  was  very  small,  being  as  nearly  as  we 
could  calculate  about  equal,  pound  for  pound,  to  the  copper  which 
it  deoxidized.  A  considerable  portion  of  the  .7  per  cent,  of  copj^er 
which  the  slag  contained  was  not  chemically  combined,  as  was 
clearly  shown  by  the  fact  that,  if  the  fresh  fracture  of  the  slag  were 
rubbed,  fine  specks  and  streaks  of  metallic  copper  were  made  plainly 
visible.     This  was  undoubtedly  due,  at  least  in  part,  to  our  having 
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to  skim  the  slag  from  the  surface  of  the  metal,  Avhich  agitated  the 
latter  more  or  less,  causing  it  to  mix  to  a  small  extent  with  the  slag. 
Had  the  latter  been  allowed  to  flow  off  tranquilly  through  a  large 
settling  basin,  or  forehearth,  I  believe  that  the  tenor  of  the  slags 
miirht  have  been  even  lower  than  it  was. 

The  metallic  product  was  malleable,  and  contained  from  97.6  to 
98.5  per  cent,  copper,  the  former  being  the  lowest  limit  reached  in 
any  of  the  heats  made.  When  we  consider  the  extremely  low  tenor 
of  the  slags,  the  high  tenor  of  the  copper  seems  most  remarkable. 
As  far  as  I  am  aware,  there  is  no  record  of  copper  having  been  made 
in  the  dry  way  at  a  single  operation,  from  ferruginous  ores,  with  so 
slight  a  loss  from  slagging,  and  with  a  product  so  pure  and  so  free 
from  iron.  This  result  proves  the  feasibility,  even  on  a  commercial 
scale,  of  our  plan  of  thoroughly  deoxidizing  copper  oxide  with  a 
mixture  of  gases  which  shall  yet  be  unable  to  reduce  iron  oxide  so 
far  as  to  enable  it  to  separate  from  the  slag  on  melting,  and  to  alloy 
with  the  metallic  copper. 

Conditions  under  which  the  Process  is  Applicable. — There  are  two 
.sets  of  conditions  under  each  of  which  it  may  be  found  advantageous 
to  employ  the  process  just  described.  The  first  is  that  sulphide  ores 
are  expensive ;  the  second,  that  fuels  fitted  for  cupolas  (such  as  coke, 
anthracite,  and  charcoal,  which  we  may  call  class  A)  are  dearer  than 
those  unfitted  for  cupolas  (such  as  bituminous  coal,  peat,  wood,  saw- 
dust, lignites,  etc.,  which  we  may  call  class  B). 

I.  Sulphides  are  Abundant. — (a.)  When  there  is  an  abundant 
supply  of  sulphides,  and  when  fuels  of  class  A  are  cheap,  it  will 
almost  always  be  best  to  run  oxidized  ores  down  in  cupolas,  mixed 
with  sulphides,  since  the  consumption  of  fuel  in  this  way  will  be 
much  less  than  in  our  process  ;  this  will  generally  far  more  than 
counterbalance  the  advantages  which  our  method  offers  of  yielding 
a  rich  product. 

(6.)  If,  however,  fuels  of  class  B  be  considerably  cheaper  than 
those  of  class  A,  cupolas  should  not  be  used  in  general.  It  will,  in 
this  case,  be  most  advantageous  either  to  use  our  process,  or  to  melt 
the  oxidized  ores,  together  with  sulphides  enough  to  prevent  slag- 
ging, in  reverberatories. 

It  is  rarely  possible  to  obtain  by  this  latter  means  a  product  car- 
rying over  50  per  cent.  Cu  without  a  serious  loss  of  copper  in  the 
slag,  while  the  expense  of  the  operation  is  nearly  as  great  as  that 
which  the  use  of  our  process  entails.     If  freights  are  high,  and  fuel 
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for  concentrating  this  50  per  cent,  matte  expensive,  it  will  frequently 
be  found  more  advantageous  to  obtain  a  rich  product,  at  a  single 
operation,  by  using  our  process  than  either  to  ship  a  50  per  cent, 
matte  or  to  go  to  the  expense  of  concentrating  it.  Thus  at  Caldera, 
where  sulphides  are  abundant,  fuels  of  class  B  dear,  but  still  much 
cheaper  than  those  of  class  A,  and  freights  high,  we  found  that  the 
use  of  our  process  effected  an  economy  of  about  h  cent  per  pound 
of  copper  treated  over  the  ordinary  Welsh  reverberatory  process, 
which  is  nearly  universally  used  throughout  Chili. 

II.  Sulphide  Ores  Expensive. — (a.)  Under  this  condition,  if  fuels 
of  class  A  are  cheap,  oxidized  ores  may  be  run  down  in  cupolas. 
Though  the  consumption  of  fuel  will  be  in  this  way  less  than  with 
our  process,  the  latter  may  still  be  the  more  advantageous.  For,  as 
already  set  forth,  in  running  down  oxidized  ores  alone  in  cupolas, 
the  reducing  action  must  be  made  so  strong,  in  order  to  prevent 
slagging  the  copper,  that  a  great  quantity  of  iron  will  be  at  the 
same  time  reduced ;  while,  with  our  process,  we  get  a  pure  slag  with 
a  copper  free  from  iron. 

(6.)  Finally,  if  sulphides  are  not  to  be  had,  and  fuels  of  class  A 
are  considerably  more  costly  than  those  of  class  B,  our  process  will, 
in  general,  be  found  to  offer  very  great  advantages.  For,  in  this 
case,  cupolas  of  course  cannot  be  used,  and  reverberatories  must  be 
resorted  to;  and  in  reverberatories  it  will,  in  general,  be  found  much 
more  economical  to  use  fuel  in  the  gaseous  than  in  the  solid  state, 
especially  with  lignite,  sawdust,  peat,  and  such  inferior  fuels.  Hav- 
ing gasog^nes  then  for  the  reverberatory,  the  expense  of  [»reviously 
treating  the  ore  in  our  deoxidizino;  furnace  will  be  found  slio^ht. 
Almost  the  only  other  alternative  would  be  to  deoxidize  the  ore  on 
the  hearth  of  the  reverberatory,  by  either  prolonged  heating  in  con- 
tact with  solid  carbonaceous  matter,  or  by  inserting  iron  bars  into 
the  melted  ore,  or  by  combining  both  means.  But  the  former  method 
(heating  in  contact  with  solid  carbonaceous  matter)  is  inevitably  at- 
tended either  with  a  very  great  loss  from  slagging,  or  with  the  pro- 
duction of  a  very  impure  product,  contaminated  with  iron  reduced 
by  the  solid  fuel,  or  more  generally  still  with  both  these  inconve- 
niences; while  the  latter  method  necessitates  a  very  great  consump- 
tion of  iron.  A  combination  of  the  two  methods  [i.  e.,  a  preliminary 
heating  in  contact  with  carbonaceous  matter  followed  by  a  fusion, 
and  by  subsequent  impoverishment  of  the  slags  by  means  of  iron 
bars)  is  open  to  the  objections  which  apply  to  each  method,  though 
in  a  much  less  degree.     Still,  even  this  combination  is  most  unlikely 
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to  yield  so  pure  a  product  with  such  clean  slags  as  are  produced  iu 
our  process,  without  a  very  considerable  consumption  of  iron  bars ; 
for  the  solid  fuel  used  for  the  reduction  will,  if  that  operation  be 
carried  far,  inevitably  reduce  considerable  quantities  of  iron  to  the 
metallic  state  ;  while,  if  it  be  not  carried  far,  much  copper  oxide 
will  pass  into  the  slag  in  the  subsequent  fusion,  and  a  heavy  con- 
sumption of  iron  bars  will  be  required  for  its  recovery.  With  our 
process,  on  the  other  hand,  the  reducing  operation  may  be  prolonged 
until  all  the  copper  passes  into  the  metallic  state,  since  the  reducing 
agent  we  employ  is  unable  to  reduce  the  iron  oxides  beyond  the 
state  of  FeO ;  consequently  if  bar  iron  is  used  at  all,  only  enough 
need  be  used  to  recover  the  copper  which  becomes  oxidized  during 
the  fusion  of  the  sponge,  which,  with  proper  care,  will  be  trifling  in 
amount.  The  consumption  of  fuel  will  not  differ  materially  whether 
we  use  our  process  or  the  others  we  have  been  considering  (i.  e.,  the 
reduction  vvith  solid  fuel  in  the  reverberatory,  or  the  treatment  of 
the  fused  ore  with  bar  iron),  but  the  labor  will  be  considerably  lighter 
in  our  process  than  in  the  others ;  since,  in  the  latter,  it  is  necessary 
to  stir  up  and  mix  the  reducing  agent  with  the  ore  frequently,  a 
most  fatiguing  operation. 

In  one  of  the  cases  (II,  o)  under  which  I  have  just  stated  that  our 
process  might  frequently  be  applicable,  its  advantages  are  dimin- 
ished by  our  generally  having  the  comparatively  inexpensive  alter- 
native of  running  down  in  cupolas  the  rich  slags  which  would  be 
produced  if  we  attempted  to  obtain  a  rich  product  by  the  ordinary 
method.  In  the  other  two  cases,  however,  in  which  our  process  is 
applicable  (viz.,  I,  b,  sulphides  plenty  and  fuels  of  class  A  unobtain- 
able; and  II,  6,  neither  sulphides  nor  fuels  of  class  A  obtainable) 
this  alternative  cannot  be  resorted  to,  on  account  of  the  costliness  or 
absence  of  fuels  fitted  for  cupola  use.  Thus  we  may  say  in  sum- 
ming up,  that  our  process  should  be  especially  useful  when  fuels 
fitted  for  cupolas  are  not  to  be  had  ;  and  that  its  comparative  use- 
fulness will  be  greatly  enhanced  by  the  absence  of  sulphide  ores  and 
by  the  costliness  of  transportation. 
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ICAL  SURVEYS   OF   THE    UNITED   STATES    AND 
TERRITORIES,  AND  OF  BRITISH 
NORTH  AMERICA. 

BY   FREDERICK    PRIME,  JR.,    ASSISTANT   GEOLOGIST   OF   PENNSYLVANIA. 

The  first  catalogue  of  Geological  Reports  of  the  United  States 
was  prepared  by  Prof.  O.  C.  Marsh,  and  published  in  the  American 
Journal  of  Science  and  Arts  for  1867,  vol.  xliii,  second  series. 

Since  then  the  list  has  more  than  doubled,  and  it  was  thought 
that  the  publication  of  a  new  catalogue,  brought  down  to  date,  would 
be  useful  to  many  of  the  members  of  the  Institute  of  Mining  En- 
gineers. The  compiler  will  be  most  thankful  to  have  any  omissions 
or  inaccuracies  in  the  list  sent  to  him,  to  be  published  as  a  supple- 
ment in  the  next  volume  of  the  Transactions.  Especially  to  have  the 
correct  title,  number  of  pages,  plates,  and  maps  of  any  volume  on 
the  list  to  which  an  *  is  prefixed,  as  he  has  been  unable  to  personally 
consult  such  works. 

A  preliminary  list  was  issued  last  February,  which  has  been  al- 
most doubled  by  the  kindness  of  many  friends.  The  writer  desires 
more  especially  to  express  the  obligations  he  is  under  to  the  follow- 
ing gentlemen  :  The  Chief  of  Engineers,  U.  S.  A. ;  Principal  Daw- 
■son,  Mr.  G.  M.  Dawson,  Drs.  B.  J.  Harrington  and  T.  Sterry  Hunt, 
of  Montreal ;  Mr.  H.  Engelmann,  of  La  Salle,  111. ;  Dr.  F.  Y.  Hayden 
and  Prof  J.  W.  Powell,  U.  S.  Department  of  the  Interior;  Prof. 
E.  W.  Hilgard,  University  of  California  ;  Prof,  Henry  Y.  Hind, 
Windsor,  N.  S. ;  Prof.  C.  H.  Hitchcock,  of  Dartmouth  College;  Mr. 
Henry  A.  Holmes,  State  Librarian,  Albany;  Maj.  Jed.  Hotchkiss, 
Staunton,  Va. ;  Prof  W.  C.  Kerr,  Raleigh,  N.  C. ;  Dr.  J.  S.  Newberry, 
of  Columbia  College  ;  Prof.  W.  H.  Pettee,  of  the  University  of  Mich- 
igan ;  Dr.  Samuel  H.  Scudder,  Prof  N.  S.  Shaler,  and  Prof  J.  D. 
Whitney,  of  Harvard  College  ;  Mr.  Sanderson  Smith  and  Prof.  J. 
J.  Stevenson,  of  New  York  ;  Mr.  Addison  Van  Name,  of  Yale  Col- 
lege, and  Lieut.  Geo.  M.  Wheeler,  U.  S.  Engineers. 

Philadelphia,  907  Walnut  Street, 
October  1st,  1870. 
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Alabama. 

First  Biennial  Report  on  the  Geology  of  Alabama;  by  M.  Tuomey. 
Tuscaloosa,  1850.     8vo.,  xxxii,  and  176  pp.,  and  map. 

*M.  Tuomey,  1853.     Geological  Map  of  Alabama. 

Second  Biennial  Report  on  the  Geology  of  Alabama ;  by  M.  Tuo- 
mey, Geologist  to  the  State;  edited  by  J.  W.  Mallet.  Mont- 
gomery, 1858.     8vo.,  xix,  and  292  pp.,  and  plate. 

Geological  Survey  of  Alabama,  Report  of  Progress  for  1874;  by 
Eugene  A.  Smith,  State  Geologist.  Montgomery,  1875.  8vo., 
139  pp. 

Geological  Survey  of  Alabama.  Report  of  Progress  for  1875  ;  by 
Eugene  A.  Smith,  State  Geologist.  Montgomery,  1876.  8vo., 
220  pp. 

Geological  Survey  of  Alabama.  Report  of  Progress  for  1876  ;  by 
Eugene  A.  Smith,  State  Geologist.  Montgomery,  1876.  8vo., 
100  pp.,  and  map. 

Alaska. 

Report  of  the  Superintendent  of  the  United  States  Coast  Survey  for 
1867.  Washington,  1868.  4to.  Contains,  pp.  187-329.  Report 
of  George  Davidson  relative  to  the  Resources  and  the  Coast  Fea- 
tures of  Alaska  Territory.  Including  Reports  on  Geology,  by 
Theo.  A.  Blake;  on  Zoology,  by  W.  G.  W.  Harford  ;  and  on 
Botany,  by  Albert  Kellogg. 

Geographical  Notes  upon  Russian  America  and  the  Stickeen  River ; 
by  AVilliara  P.  Blake.    Washington,  1868.    8vo.,  19  pp.,  and  map. 

Arkansas. 

Geological  Report  of  an  Examination  made  in  1834  of  the  Elevated 
Country  between  the  Missouri  and  Red  Rivers ;  b}^  G.  W. 
Featherstonhaugh,  U.S.  Geologist.  Washington,  1835.  12mo,, 
97  pp.  and  section. 

First  Report  of  a  Geological  Reconnoissance  of  the  Northern  Coun- 
ties of  Arkansas,  made  during  the  years  1857  and  1858  ;  by  David 
Dale  Owen,  Principal  Geologist.  Little  Rock,  1858.  8vo.,  256 
pp.,  and  7  plates. 

Second  Report  of  a  Geological  Reconnoissance  of  the  Middle  and 
Southern  Counties  of  Arkansas,  made  during  the  years  1859  and 
1860 ;  by  David  Dale  Owen,  Principal  Geologist.  Philadel- 
phia, 1860.     8vo.,  433  pp.,  14  plates  and  map. 


a  catalogue  of  official  reports,  etc.  457 

British  America. 
Henry  Y.  Hind.     Report   on    the    Explorations    of  the    Country 
between  Lake  Superior  and  tlie  Red  River  Settlement.     Toronto, 

1858.  8vo.,  425  pp.,  and  map. 

S.  J.  Dawson.  Report  on  the  Exploration  of  the  Country  between 
Lake  Superior  and  the  Red  River  Settlenient,  and  between  the 
latter  place  and  the  Assinniboine  and   Saskatchewan.     Toronto, 

1859.  4to.,  45  pp.,  and  3  maps. 

*Henry  Y.  Hind.  Report  on  the  Assinniboine  Expedition  in  1858-9. 
Toronto,  1860.     Folio,  —  pp.,  maps. 

Report  of  Progress,  together  with  a  Prelimiiiary  and  General  Report 
on  the  Assinniboine  and  Saskatchewan  Exploring  Expedition. 
Made  under  instructions  from  the  Provincial  Secretary,  Canada  ; 
by  Henry  Youle  Hind.  London,  1860.  Folio,  219  pp.,  7  maps, 
and  2  plates.     [Blue  Book.] 

*Papers  relative  to  the  Exploration  of  British  America;  by  Captain 
Palliser.     [Blue  Book.]     London,  1859. — Maps,  etc. 

Report  on  the  Exploration  of  British  America;  by  Captain  Palliser. 
Including  Geological  Report,  by  Dr.  James  Hector.  1857-60. 
[Blue  Book.]  London,  1863.  8vo.,  325  pp., — maps,  plates,  and 
sections. 

Report  of  the  U.  S.  Coast  Survey  for  1860.  Appendix,  No.  42. 
Notes  on  the  Geology  of  the  Coast  of  Labrador ;  by  Oscar  M. 
Lieber.     pp.  402-408,  and  map. 

British  North  American  Boundary  Commission.  Report  on  the 
Geology  and  Resources  of  the  Region  in  the  Vicinity  of  the  Forty- 
ninth  Parallel,  from  the  Lake  of  the  Woods  to  the  Rocky  Moun- 
tains; with  Lists  of  Plants  and  Animals  collected  and  Notes  on 
the  Fossils ;  by  George  Mercer  Dawson,  Geologist  and  Botanist 
to  the  British  North  American  Boundary  Commission.  INIontreal, 
1875.    Roy.  8vo.,  xi  and  387  pp.,  2  maps,  section,  and  18  plates. 

British  North  American  Boundary  Commission.  Geological  Report 
of  Progress  for  the  year  1873  (in  part).  Report  on  the  Tertiary 
Lignite  Formation  in  the  Vicinity  of  the  Forty-ninth  Parallel ; 
by  George  M.  Dawson.   Montreal,  1874.  8vo.,  31  pp.,  and  2  plates. 

California. 
Geographical  Memoir  upon  Upper  California  in  Illustration  of  his 

Map   of    Oregon   and    California ;  by  John    Charles    Fremont. 

Washington,  1848.     8vo.,  67  pp. 
Map  of  same. 
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Geology  and  Industrial  Resources  of  California;  by  Philip  T. 
Tyson.  Baltimore,  1851.  8vo.,  xxxiv,  127,  and  37  pp.,  9  sections 
and  4  maps. 

[Also  printed,  Washington,  1850,  without  xxxiv  pp.] 

*  William  P.  Blake.  Report  to  the  War  Department.  Washington, 
1854,  8vo.,  80  pp. 

Geology  of  the  Sierra  Nevada  or  California  Range ;  by  John  B. 
Trask     ,  1853,  8vo.,  31  pp. 

Report  on  the  Geology  of  the  Coast  Mountains  and  Part  of  the 
Sierra  Nev'ada,  embracing  their  industrial  Resources  in  Agricul- 
ture and  Mining  ;    by  John  B.  Trask.     ,  1854,  8vo.,  95  pp. 

Report  on  the  Geology  of  the  Coast  Mountains  ;  by  John  B.  Trask. 
,  1855,  8vo.,  93  pp. 

Report  on  the  Geology  of  Northern  and  Southern  California,  em- 
bracing the  Mineral  and  Agricultural  Resources  of  those  Sections, 
with  Statistics  of  the  Northern,  Southern,  and  Middle  Mines ;  by 
John  B.  Trask.     Sacramento,  1856.     8vo.,  64  pp. 

*William  Patton.  Geology  of  a  Part  of  Calaveras  County.  Dec. 
1854.  In  Report  to  the  Surveyor-General  of  California.  Sac- 
ramento, 1855. 

Observations  on  the  Physical  Geography  and  Geology  of  the  Coast 
of  California,  from  Bodega  Bay  to  San  Diego.  Coast  Survey 
Report  for  1855.  Washington,  1855.  4to.,  23  pp.  and  4  maps. 
[W.  P.  Blake.] 

The  Geological  Survey  of  California,  an  Address  delivered  before 
the  Legislature  of  California,  at  Sacramento,  Tuesday  evening, 
March  12th,  1861;  by  J.  D.Whitney,  State  Geologist.  San  Fran- 
cisco, 1861.     8vo.,  50  pp. 

Letter  of  the  State  Geoloo;ist  relative  to  the  Progress  of  the  State 
Geological  Survey.  San  Francisco,  1862,  8vo.,  7  pp.  [J.  D. 
Whitney.] 

Lecture  on  Geology,  delivered  before  the  Legislature  of  California, 
at  San  Francisco,  Thursday  evening,  February  27th,  1862  ;  by  J. 
D.  Whitney,  State  Geologist.    San  Francisco,  1862.    8vo.,  33  pp. 

Annual  Report  of  the  State  Geologist  of  California  for  the  year 
1862.     San  Francisco,  1863.     8vo.,  12  pp.     [J.  D.  Whitney.] 

Annual  Report  of  the  State  Geologist  for  the  year  1863.  N.d.  8vo., 
7  pp.     [J.  D.  Whitney.] 

Lecture  on  Geology,  delivered  before  the  Legislature  of  California, 
at  Sacramento,  Tuesday  evening,  March  19th,  1863  ;  by  J.  D. 
Whitney,  State  Geologist.     Sacramento,  1863.     8vo.,  17  pp. 
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Letter  of  the  State  Geologist  relative  to  the  Progress  of  the  State 
Geological  Survey  during  the  years  1864-65  (erroneously  printed 
1863-64).     Sacramento,  1866.     8vo.,  14  pp.    [J.  D.  Whitney.] 

Letter  of  the  State  Geologist  relative  to  the  Progress  of  the  State 
Geological  Survev,  during  the  veai-s  1866-67.  Sacramento,  1867. 
8vo.,  15  pp.     [J.  D.  Whitney.] 

An  Address  on  the  Propriety  of  continuing  the  State  Geological 
Survey  of  California,  delivered  before  the  Legislature,  Jan.  30th, 
1868  ;  by  J.  D.  Whitney,  State  Geologist.  San  Francisco,  1868. 
8vo.,  23  pp. 

Report  of  the  State  Geologist  on  the  condition  of  the  Geological 
Survey  of  California.  Sacramento,  1869.  8vo.,  7  pp.  [J.  D. 
Whitney.] 

Letter  of  the  State  Geologist,  relative  to  the  Progress  of  the  Survey 
during  the  years  1870-71.  Sacramento,  1871.  8vo.,  18  pp.  [J. 
D.  Whitney.] 

Statement  of  the  Progress  of  the  State  Geological  Survey  of  Califor- 
nia, during  the  years  1872-3.    ,  1873,  8vo.,  14  pp.    [J. 

D.  AVhitney.] 

Geological  Survey  of  California,  J.  D.  Whitney,  State  Geologist. 
Geology.  Vol.  I.  Report  of  Progress  and  Field-work  from  1860 
to  1864-1865.  Philadelphia,  1865.  4to.,  xxvii  and  498  pp., 
and  plate. 

Geological  Survey  of  California,  J.  D.  AVhitney,  Director.  Palse- 
ontology.  Vol.  I.  Carboniferous  and  Jurassic  Fossils;  by  F.  B. 
Meek.  Triassic  and  Cretaceous  Fossils;  by  W.  M.  Gabb.  Phila- 
deljihia,  1864.     4to.,  xx  and  243  pp.,  and  32  plates. 

Geological  Survey  of  California,  J.  D.  Whitney,  Director.  Palse- 
ontology,  Vol.  II.  Cretaceous  and  Tertiary  Fossils ;  by  W. 
M.  Gabb.  Philadelphia,  1869.  4to.,  xiv  and  299  pp.,  and  36 
plates. 

Geological  Survey  of  California,  J.  D.  Whitney,  Director.  Or- 
nithology, Yol.  I.  Land  Birds,  edited  by  S.  F.  Baird,  from  the 
MSS.  and  notes  of  J.  G.  Cooper.  Cambridge,  1870.  4to.,  xi  and 
592  pp. 

Mining  Statistics,  Xo.  1.  Tabular  Statement  of  the  Condition  of  the 
Auriferous  Quartz  Mines  in  that  part  of  Mariposa  and  Tuolumne 
Counties,  lying  between  the  Merced  and  Stanislaus  Rivers,  Aug. 
to  Xov.  1865;  by  A.  R6mond.     4lo.,  16  pp. 

The  Yosemite  Guide  Book.  A  Description  of  the  Yoseinite  Yalley 
and  the  adjacent  Region  of  the  Sierra  Nevada,  and  of  the  Big 
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Trees  of  California.      New  York,  1868.     Koy.  8vo.,  116  pp.,  28 

plates,  and  2  maps.     [J.  D.  Whitney.] 
The  Yosemite  Guide  Book.     Cambridge,  1869.     16mo.,  155  pp.,  2 

maps.     [J.  D.  Whitney.] 
[Second  Edition.     12rao.,  186  pp.,  and  4  maps.    Cambridge,  1874.] 
Geological  Survey  of  California,  J.  D.  Whitney,  State  Geologist. 

Contributions  to  Barometric  Hypsometry,   with  Tables  for  use  in 

California.     Cambridge,  1874.     Roy.  8vo.,  88  pp. 
Supplementary  Chapter  and  Practical  Application  of  the  Tables  to 

the  Observations  of  the  years  1870-71,  and  a  Discussion  of  the 

Results  obtained  ;  by  J.  D.  Whitney.    Cambridge,  1878.   4to.,  24 

pages. 
Geographical  Catalogue  of  the  Mollusca  found  west  of  the  Rocky 

Mountains,  between  latitudes  33°  and  49°  N. ;  by  J.  G.  Cooper. 

San  Francisco,  1867.     4to.,  40  pp. 
Catalogue  of  the  Invertebrate  Fossils  of  the  Western  Slope  of  the 

United  States.     Part  2.    By  J.  G.  Cooper.    San  Francisco,  1871. 

12mo.,  V  and  1  pp.,  4-30  ff. 
Geological  Survey  of  California,  J.  D.  Whitney,  Director.     Botany. 

Vol.  I.     Polypetalse;  by   W.  H,   Brewer   and   Sereno  Watson. 

Ganopetalae;  by    Asa  Gray.     Cambridge,  1876.     4to.,   xx  and 

628  pp. 
Map  of  the  region  adjacent  to  the  Bay  of  San  Francisco,  in  port- 
folio.    New  York,  1873.     2  miles  =  1  inch. 
Map  of  Central  California,  N.p. ;  n.d. 
Map  of  California  and  Nevada.     Drawn  by  F.  v.  Leicht  and  A. 

Craven.     New  York,  1873.     Scale:   18  miles  =  1  inch. 
[Second   Edition ;  revised   by  Hoifman  and   Craven.     New  York, 

1874.] 
*Report  of  the  Joint  Committee  on  the  Geological  Survey  of  the 

State.     [Made  to  the  Legislature  in  1874.] 

Canada.! 

*William  E.  Logan.  Report  of  Progress  for  1842  and  1843.  Mon- 
treal, 1845.     8vo.,  159  pp.,  and  3  plates. 

*Williara  E.  I^ogan.  Report  of  Progress  for  1844.  Montreal, 
1846.     8vo.,  110  pp. 

f  See  also,  under  tho  heads  of  New  Brunswick  and  Nova  Scotia.  Up  to  1870 
the  Geological  Reports  were  printed  as  an  Appendix  to  the  Journals  of  the 
Legislative  Assembly  in  English  and  French.  Only  the  English  editions  have 
been  noted  in  this  Catalogue. 
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♦William  E.  Logan.      Report  of  Progress  for  1845.      Montreal, 

1847.     8vo.,  125  pp. 
*William   E.   Logan.     Report  of  Progress  for   1846.      Montreal, 

1847.     8vo.,  QQ  pp. 
Remarks  on  the  Mining  Region  of  Lake  Snperior,  addressed  to  the 

Committee  of  the  Executive  Council ;  and  Report  on  Mining  Loca- 
tions claimed  on  the  Canadian  Shore  of  the  Lake,  addressed  to  the 

Commissioner  of  Crown  Lands  ;  by  W.  E.  Logan.     Montreal, 

1847.     12mo.,  31  pp. 
*William  E.   Logan.     Report  of  Progress  for  1847.      Montreal, 

1849.     8vo.,  165  pp. 
Report  of  a  Geological  Exploration  of  part  of  the  North  Shore  of 

Lake  Huron,  made  by  W.  E.  Logan  in  1848.     Montreal,  1849. 

8vo.,  51  pp. 
Geological  Survey  of  Canada.     Report  of  Progress  for   1848-49. 

Toronto,  1850.     8vo.,  65  pp.     [^Y.  E.  Logan.] 
Geological  Survey  of  Canada.     Report  of  Progress  for  1849-50. 

Toronto,  1850.     8vo.,  115  pp.     [W.  E.  Logan.] 
Geological   Survey  of  Canada.     Report    of  Progress  for   1850-51. 

Quebec,  1852.     8vo.,  54  pp.     [W.  E.  Logan.] 
Geological  Survey  of  Canada.     Report  of  Progress  for  1851-52. 

Quebec,  1852.     8vo.,  121  pp.     [W.  E.  Logan.] 
*WiIliara  E.  Logan.     Report  of  Progress  for  1852.     Quebec,  1854. 

8vo.,  179  pp. 
Geological  Survey  of  Canada.     Report  of  Progress  for  the  years 

1853-54-55-56.     Toronto,  1857.     8vo.,  iv  and  494  pp.,  4  maps. 

[W.  E.  Logan.] 
Plans  of  various  Lakes  and  Rivers  between  Lake  Huron  and  the 

River  Ottawa,  to  accompany  the  Geological  Reports  for  1853-54 

-55-56.     Toronto,  1857.     4to.,  22  maps.     [W.  E.  Logan.] 
Geological  Survey  of  Canada.    Report  of  Progress  for  the  year  1857. 

Toronto,   1858.     8vo.,  iii  and   240  pp.,  and   5   maps.     [W.  E. 

Logan.] 
Geological  Survey  of  Canada.    Report  of  Progress  for  the  year  1858. 

Montreal,  1859.     8vo.,  iii  and  263  pp.,  and  4  maps.     [W.  E. 

Logan.] 
Geological  Survey  of  Canada.     Report  of  Progress  from  its  Com- 
mencement to  1863 ;    illustrated  by  498  woodcuts  in  the  text. 

Montreal,  1863.     8vo.,  xxvii,  and  983  pp.     [W.  E.  Logan.] 
Geological  Survey  of  Canada.     Report  of  Progress  from  its  Com- 
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raencement  to  1863.  Atlas  of  Maps  and  Sections.  Montreal, 
1865.    8vo.,  iv  and  42  pp.,  13  maps  and  sections.    [W.  E.  Logan.] 

Geological  Survey  of  Canada,  Sir  W.  E.  Logan,  Director.  Report 
of  Progress  from  1863  to  1866.  Ottawa,  1866.  8vo.,  viii  and 
321  pp. 

Geological  Survey  of  Canada,  Sir  W.  E.  Logan,  Director.  Sum- 
mary Report  of  Progress  in  Geological  Investigations.  Dated 
1st  May,  1869.     Ottawa,  1869.     8vo.,  9  pp. 

Geological  Survey  of  Canada,  Alfred  R.  C.  Selwyn,  Director.  Re- 
port of  Progress  from  1866  to  1869.  Montreal,  1870.  8vo.,  vi 
and  475  pp.,  and  7  maps. 

Geological  Survey  of  Canada,  Alfred  R.  C.  Selwyn,  Director.  Sum- 
mary Report  of  Progress  in  Geological  Investigations.  Dated 
2d  May,  1870.     Ottawa,  1870.     8vo.,  14  pp. 

Geological  Survey  of  Canada,  Alfred  R.  C.  Selwyn,  Director.  Re- 
port of  Progress  for  1870-71.    Ottawa,  1872.    8vo.,  v  and  351  pp. 

Geological  Survey  of  Canada,  Alfred  R.  C.  Selwyn,  Director.  Re- 
port of  Progress  for  1871-72.  Montreal,  1872.  8vo.,  viii  and 
154  pp.,  2  maps  and  plate. 

Geological  Survey  of  Canada,  Alfred  R.  C.  Selwyn,  Director.  Re- 
port of  Progress  for  1872-73.  Montreal,  1873.  8vo.,  ix  and 
300  pp.,  2  plates,  and  4  maps. 

Geological  Survey  of  Canada,  Alfred  R.  C.  Selwyn,  Director.  Re- 
port of  Progress  for  1873-74.  Montreal,  1874.  8vo.,  xi  and 
268  pp.,  3  maps,  3  plates  and  sections. 

Geological  Survey  of  Canada.  Alfred  R.  C.  Selwyn,  Director.  Re- 
port of  Progress  for  1874—75.  Montreal,  1876.  8vo.,  xiv  and 
319  pp.,  2  plates,  2  sections,  and  4  maps. 

Geological  Survey  of  Canada,  Alfred  R.  C.  Selwyn,  Director.  Re- 
port of  Progress  for  1875-76.  Montreal,  1877.  8vo.,  xxiii  and 
432  pp.,  14  plates,  3  maps,  and  2  sections. 

Geological  Survey  of  Canada,  Alfred  R.  C  Selwyn,  Director.  Re- 
port of  Progress  for  1876-77.  Montreal,  1878.  8vo.,  viii  and 
531  pp.,  14  plates  and  sections,  and  5  maps. 

Geological  Survey  of  Canada,  Sir  W.  E.  Logan,  Director.  Figures 
and  Descriptions  of  Canadian  Organic  Remains.  Decade  I. 
Montreal,  1859.  8vo.,  vi  and  47  pp.,  and  10  plates.  [J.  W. 
Salter,] 

Geological  Survey  of  Canada,  Sir  W.  E.  Logan,  Director.  Figures 
and  Descriptions  of  Canadian  Organic   Remains.      Decade   II. 
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Graptolites   of  the  Quebec  Group  ;  by  James   Hall.     Montreal, 
1865.     8vo.,  150  pp.,  23  plates. 

Geological  Survey  of  Canada,  Sir  W.  E.  Logan,  Director.  Figures 
and  Descriptions  of  Canadian  Organic  Remains.  Decade  III. 
Montreal,  1858.  8vo.,  vii  and  102  pp.,  and  12  plates.  [J.  W. 
Salter,  E.  Billings,  and  R.  Jones.] 

Geological  Survey  of  Canada,  Sir  W.  E.  Logan,  Director.  Figures 
and  Descriptions  of  Canadian  Organic  Remains.  Decade  IV. 
Montreal,  1859.  8vo.,  vi  and  72  pp.,  and  10  plates.   [E.  Billings.] 

Geological  Survey  of  Canada,  Sir  W.  E.  Logan,  Director.  Palaeo- 
zoic Fossils,  Vol.  I,  containing  Descriptions  and  Figures  of  new 
or  little  known  species  of  Organic  Remains  from  tlie  Silurian 
Rocks.  1861-1865;  by  E.  Billings.  Montreal,  1865.  8vo. 
426  pp. 

Geological  Survey  of  Canada,  Alfred  R.  C.  Selwyn,  Director.  Paleo- 
zoic Fossils.  Vol.  II,  Part  I ;  by  E.  Billings,  Palaeontologist. 
Montreal,  1874.     8vo.,  144  pp.,  and  10  plates. 

Geological  Survey  of  Canada,  Sir  W.  E.  Logan,  Director.  Cata- 
logues of  the  Silurian  Fossils  of  the  Island  of  Anticosti ;  by  E. 
Billings,  Palaeontologist.     Montreal,  1866.     8vo.,  93  pp. 

Geological  Survey  of  Canada;  Alfred  R.  C.  Selwyn,  Director.  The 
Fossil  Plants  of  the  Devonian  and  Upper  Silurian  Formations  of 
Canada  ;  by  J.  "W.  Dawson.  Montreal,  1871.  8vo.,  92  pp.,  and 
20  plates. 

Geological  Survey  of  Canada,  Alfred  R.  C.  Selwyn,  Director.  Re- 
port on  the  Fossil  Plants  of  the  Lower  Carboniferous  and  Mill- 
stone-Grit Formations  of  Canada;  by  J.  W.  Dawson.  Montreal, 
1873.     8vo.,  47  pp.,  and  11  plates. 

Geological  Survey  of  Canada;  Alfred  R.  C.  Selwyn,  Director. 
Me-(»zoic  Fossils.  Vol.  I,  Part  I.  On  some  Invertebrates  from 
the  Coal-bearing  Rocks  of  the  Queen  Charlotte  Islands,  collected 
by  Mr.  James  Richardson  in  1872;  by  J,  F.  Whiteaves.  Mon- 
treal, 1876.     Roy.  8vo.,  92  pp.,  map  and  10  plates. 

Vol.  I,  Part  II.  On  the  Fossils  of  the  Cretaceous  Rocks  of  Van- 
couver and  adjacent  Islands  in  the  Strait  of  Georgia  ;  by  J.  F. 
Whiteaves.  Montreal,  1879.  Roy.  8vo.,  93-190  pp.,  and  10 
plates. 

E.squi.sse  Geologique  du  Canada;  par  W.  E.  Logan  and  T.  Sterry 
Hunt.     Paris,  1855.     12mo.,.100  pp.,  and  map. 

Geological  Survey  of  Canada.  Descriptive  Catalogue  of  a  Collection 
of  the  Economic   Minerals   of  Canada,   and    of  its   Crystalline 
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Kocks,  sent  to  the  London  International  Exhibition  of  1862. 
Montreal,  1862.     8vo.,  83  pp. 

Canada.  A  Geographical,  Agricultural,  and  Mineralogical  Sketch. 
Quebec,  1865.     12mo.,  33  pp. 

Esquisse  Geologique  du  Canada;  par  T.  Sterry  Hunt.  Paris,  1867. 
8vo.,  72  pp. 

Notes  on  the  Gold  of  Eastern  Canada,  being  a  Reprint  of  portions 
of  various  Reports  of  the  Geological  Survey  of  Canada  from  1848 
to  1863.     Montreal,  1864.     8vo.,  40  pp. 

Report  on  the  Canadian  Gold  Fields,  and  the  best  means  of  their 
Development.     Quebec,  1865.     8vo.,  126  pp.,  and  2  maps. 

Reports  on  the  Gold  Region  of  the  County  of  Hastings ;  by  T. 
Sterry  Hunt  and  A.  Michel.     Montreal,  1867.     8vo.,  11  pp. 

Laurentian  Limestones  of  North  America.  Reprinted  with  addi- 
tions from  the  Report  of  the  Geological  Survey  for  1863-66  ;  by 
T.  Sterry  Hunt. ,  1871.     8vo.,  54  pp. 

Petroleum — Its  geological  relations  considered  with  especial  refer- 
ence to  its  occurrence  in  Gaspe,  with  a  geological  map ;  by  T. 
Sterry  Hunt.     Montreal,  1865.     8vo.,  19  pp.,  and  map. 

Descriptive  Catalogue  of  a  Collection  of  the  Economic  Minerals  of 
Canada,  and  Notes  on  a  Stratigraphical  Collection  of  Rocks. 
Montreal,  1876.     8vo.,  152  pp. 

Exposition  Universelle  de  1878,  a  Paris.  Catalogue  des  Mineraux, 
Roches  et  Fossiles  du  Canada,  avec  Notes  descriptives  et  explica- 
tives ;  par  B.  J.  Harrington.  Londres,  1878.     8vo.,  134  pp. 

Map  of  the  Springhill  Coal  Field,  County  of  Cumberland,  Nova 
Scotia. 

Map  of  the  Grand  Lake  Coal  Field  and  the  older  Rock  Forma- 
tions in  Queens  and  Sunbury  Counties,  New  Brunswick. 

Geological  Map  of  Canada,  and  part  of  the  United  States,  from 
Hudson's  Bay  to  Virginia,  and  from  the  Missouri  River  to  New- 
foundland ;  by  Sir  W.  E.  Logan,  with  the  co-operation  of  James 
Hall.     Montreal,  1866. 

List  of  Publications  of  the  Geological  Survey  of  Canada.  Mon- 
treal, 1879.     8vo.,  22  pp. 

Connecticut. 

A  Report  on  the  Geological  Survey  of  Connecticut ;  by  Charles 
Upham  Shepard,  New  Haven,  1837.     8vo.,  188  pp. 

Report  on  the  Geology  of  the  State  of  Connecticut ;  by  James  G. 
Percival.     New  Haven,  1842.     8vo.,  495  pp.  and  map. 
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Delaware. 

*J.  C.  Booth.  First  and  Second  Annual  Reports.  Dover,  1839. 
8vo.,  25  pp. 

Memoir  of  the  Geological  Survey  of  the  State  of  Delaware:  includ- 
ing the  application  of  the  geological  observations  to  Agriculture ; 
by  Jatues  C.  Booth.     Dover,  1841.     8vo.,  ix  and  188  pp. 

Florida. 

Report  of  the  Superintendent  of  the  United  States  Coast  Survey  for 
1851.  Washington,  1852.  Contains  Report  of  Prof  L.  Agassiz 
to  the  Superintendent  on  the  Examination  of  the  Florida  Reefs, 
Keys,  and  Coast.  [Reprinted  in  Coast  Survey  Report  for  1866. 
Pp.  120-130.] 

Georgia. 

Report  of  a  Geological  and  Agricultural  Survey  of  Burke  and  Rich- 
mond Counties,  Georgia.  Performed  under  the  Patronage  of 
Citizens  of  the  two  counties  ;  by  John  Ruggles  Cotting.  Augusta, 
1836.     12mo.,  198  pp. 

Report  of  Progress  of  the  Mineralogical,  Geological  and  Physical 
Survey  of  the  State  of  Georgia,  for  the  period  from  September  1st 
to  December  31st,  1874 ;  by  George  Little,  State  Geologist.  1875. 
8vo.,  36  pp. 

Second  Report  of  Progress  of  the  Mineralogical,  Geological  and 
Physical  Survey  of  the  State  of  Georgia  for  1875;  by  George 
Little,  State  Geologist.     1876.     8vo.,  16  pp. 

Catalogue  of  Ores,  Rocks,  and  Woods,  selected  from  the  Geological 
Survey  Collection  of  the  State  of  Georgia,  L^.  S.  A.,  with  a  De- 
scription of  the  Geological  Formations.  George  Little,  State 
Geologist.     Atlanta,  1878.     8vo.,  16  pp. 

Illinois. 

Report  of  Progress  of  the  State  Geological  Survey,  communicated  to 
the  Illinois  Legislature  at  their  Session  of  1853.  Springfield, 
1853.    8vo.,  13  pp.     [J.  G.  Norwood.] 

Illinois  Geological  Survey.  Abstract  of  a  Report  on  Illinois  Coal, 
with  Descriptions  and  Analyses,  and  a  general  Notice  of  the  Coal 
Fields;  by  J.  G.  Norwood,  State  Geologist.  Chicago,  1858. 
Svo.,  93  and  v  pp.,  2  plates  of  sections,  and  map. 
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Geological  Survey  of  Illinois,  A.  H.  Worthen,  Director.  Vol.  I, 
Geology.  Springfield,  1866.  Roy.  8vo.,  xvi,  504  and  111  pp., 
11  plates,  sections  and  maps. 

Geological  Survey  of  Illinois,  A.  H.  "Worthen,  Director.  Vol.  II, 
Palaeontology.  Descriptions  of  Vertebrates,  by  J.  S.  Newberry  and 
A.  H.  AVorthen.  Descriptions  of  Invertebrates,  by  F.  B.  Meek 
and  A.  H.  Worthen,  Descriptions  of  Plants,  by  Leo  Lesque- 
reux.  Springfield,  1866.  Roy.  8vo.,  xix,  v,  470  and  vi  pp., 
and  50  plates. 

Geological  Survey  of  Illinois,  A.  H.  Worthen,  Director.  Vol.  Ill, 
Geology  and  Palaeontology.  Geology,  by  A.  H.  Worthen  ;  Pa- 
laeontology, by  F.  B.  Meek  and  A.  H.  Worthen.  Springfield, 
1868.     Roy.  8vo.,  v,  574  and  vi  pp.,  26  plates  and  map. 

Geological  Survey  of  Illinois,  A.  H.  Worthen,  Director.  Vol.  IV, 
Geology  and  Palaeontology.  Geology,  by  A.  H.  Worthen.  Palae- 
ontology :  Descriptions  of  Vertebrates,  by  J.  S.  Newberry  and 
A.  H.  Worthen.  Descriptions  of  Plants,  by  Leo  Lesquereux. 
Springfield,  1870.     Roy.  8vo.,  vi,  508,  and  v  pp.,  and  32  plates. 

Geological  Survey  of  Illinois,  A.  H.  Worthen,  Director.  Vol.  V, 
Geology  and  Palaeontology.  Geology,  by  A.  H.  Worthen  and 
James  Shaw.  Palseontology,  by  F.  B.  Meek  and  A.  H.  Worthen. 
Springfield,  1873.     Roy.  8vo.,  vii,  619  and  v  pp.,  and  33  plates. 

Geological  Survey  of  Illinois,  A.  H.  Worthen,  Director.  Vol.  VI, 
Geology  and  Paleontology.  Geology,  by  A.  H.  Worthen,  G.  C. 
Broadhead,  and  E.  T.  Cox.  Palaeontology,  by  O.  St.  John,  A.  H. 
Worthen,  and  F.  B.  Meek.  Springfield,  1875.  Roy.  8vo.,  viii, 
532  and  iv  pp.,  34  plates  and  map. 

Indiana. 

Report  of  a  Geological  Reconnoissance  of  the  State  of  Indiana,  made 
in  the  year  1837,  in  conformity  to  an  order  of  the  Legislature; 
by  D.  D.  Owen,  State  Geologist.    Indianapolis,  1839.    8vo.,  34  pp. 

[Reprinted.     Indianapolis,  1859.    8vo.,  63  pp.] 

Second  Report  of  a  Geological  Reconnoissance  of  the  State  of  In- 
diana, made  in  the  year  1838  in  conformity  to  an  order  of  the 
Legislature;  by  D.  D.  Owen,  State  Geologist.  Indianapolis,  1839. 
8vo.,  54  pp. 

[Reprinted.     Indianapolis,  1859.     8vo.,  69  pp.] 

*R.  T.  Brown,  Letter  to  the  Agricultural  Board.  Indianapolis, 
1855.     8vo.,  30  pp. 
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Report  of  a  Geological  Reconnoissance  of  Indiana,  made  during  the 
years  1859  and  1860,  under  the  Direction  of  the  late  David  Dale 
Owen,  State  Geologist;  by  Richard  Owen,  Principal  Assistant. 
Indianapolis,  1862.     8vo.,  xvi,  and  368  pp.,  and  8  plates. 

First  Annual  Report  of  the  Geological  Survey  of  Indiana,  made 
during  the  year  1869;  by  E.  T.  Cox,  State  Geologist.  Indian- 
apolis, 1869.     8vo.,  240  pp.,  7  plates  and  sections,  and  4  maps. 

Second  Report  of  the  Geological  Survey  of  Indiana,  made  during 
the  year  1870;  by  E.  T.  Cox,  State  Geologist.  Indianapolis, 
1871.     8vo.,  303  })p.,  14  plates  and  sections,  and  3  maps. 

Third  and  Fourth  Annual  Reports  of  the  Geological  Survey  of 
Indiana,  made  during  the  years  1871  and  1872;  by  E.  T.  Cox, 
State  Geologist.  Indianapolis,  1872.  8vo.,  488  pp.,  5  plates  and 
4  maps. 

Fifth  Annual  Report  of  the  Geological  Survey  of  Indiana,  made 
during  the  year  1873;  by  E.  T.  Cox,  State  Geologist.  Indian- 
apolis, 1874.     8vo.,  494  pp.,  8  plates  and  4  maps. 

Sixth  Annual  Report  of  the  Geological  Survey  of  Indiana,  made 
during  the  year  1874;  by  E.  T.  Cox,  State  Geologist.  Indian- 
apolis, 1875.     8vo.,  287  pp.,  5  plates  and  sections,  and  4  maps. 

Seventh  Annual  Report  of  the  Geological  Survey  of  Indiana,  made 
during  the  year  1875 ;  by  E.  T.  Cox,  State  Geologist.  Indian- 
apolis, 1876.     8vo.,  601  pp.,  2  plates  and  4  maps. 

Iowa. 

Report  on  the  Geological  Survey  of  the  State  of  Iowa,  embracing  the 

results  of  investigations  made  during  portions  of  the  years  1855, 

1856,  and    1857;  by  James  Hall  and  J.  D.  Whitney.     Vol.  I. 

Albany,  1858.     8vo.,  xv,  724,  4  and  4  pp.,  29  plates,  plate  of 

sections,  and  2  maps. 
Geological  Survey  of  Iowa.     Supplement  to  Vol.  I,  Part   II ;  by 

James  Hall,  State  Geologist.     1859.     Roy.  8vo.,  92  pp.  and  3 

plates. 
J.  Hall  and  J.    D.  Whitney.      Supplement    to  Vol.  I,   Part   II. 

Albany,  1859.     8vo.,  4  pp. 
*J.  Hall  and  J.  D.  Whitney.     Annual  Report.    Des  Moines,  1860. 

8vo.,  75  pp. 
De.scriptions  of  New  Species  of  Crinoidea,  from  Investigations  of 

the  Iowa  Geological  Survey.    Preliminary  Notice;  by  James  Hall. 

Albany,  1861.     Roy.  8vo.,  19  pp. 
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First  Annual  Report  of  Charles  A.  White,  State  Geologist.  Des 
Moines,  1867.     8vo.,  4  pp. 

Fii'st  and  Second  Annual  Reports  of  Progress ;  by  the  State  Geol- 
ogist of  the  State  of  Iowa.  Des  Moines,  1868.  8vo.,  284  pp. 
[C.  A.  White.] 

Report  on  the  Geological  Survey  of  the  State  of  Iowa  to  the  Thir- 
teenth General  Assembly,  Jan.,  1870;  by  Charles  A.  White. 
Vol.  I.  Des  Moines,  1870.  Roy.  8vo.,  viii  and  391  pp.,  10 
plates,  6  sections,  and  6  maps. 

Report  on  the  Geological  Survey  of  the  State  of  Iowa  to  the  Thir- 
teenth General  Assembly,  Jan.,  1870  ;  by  Charles  A.  White. 
Vol.  II.  Des  Moines,  1870.  Roy.  8vo.,  viii  and  443  pp.,  5 
plates,  3  sections,  and  2  maps. 

Io\yA,  Wisconsin,  and  Illinois. 

Report  of  a  Geological  Exploration  of  part  of  Iowa,  Wisconsin,  and 
Illinois,  made  under  instructions  from  the  Secretary  of  the  Treas- 
ury of  the  U.  S.,  in  the  autumn  of  the  year  1839;  by  David 
Dale  Owen.  Washington,  1844.  8vo.,  191  pp.,  27  plates  and  4 
maps. 

Kansas. 

Report  of  the  Geological  Survey  of  Miami  County,  Kansas  ;  by  G. 

C.  Swallow,  State  Geologist,     Kansas  City,  1865.     8vo.,  24  pp. 

and  map. 
First  Annual  Report  on  the  Geology  of  Kansas;  by  B.  F.  Mudge, 

State  Geologist,  for  1864.     Lawrence,  1866.     8vo.,  56  pp. 
Preliminarv  Report  of  the  Geological  Survey  of  Kansas;  by  G.  C. 

Swallow,  State  Geologist.     Lawrence,  1866.     8vo.,  198  pp. 
Fourth  Annual  Report  of  the  State   Board  of  Agriculture  to  the 

Legislature  of  the  State  of  Kansas,  for  the  year  ending  Nov.  30th, 

1875.     1875.    8vo.  [contains pp.  107-127  "Geology  of  Kansas," 

by  B.  F.  Mudge.] 
First  Biennial  Report  of  the  State  Board  of  Agriculture,   to  the 

Legislature  of  the  State  of  Kansas,  for  the  years  1877-78.  Topeka, 

1878.     8vo.,  632  pp.    [Contains,  pp.  46-88,  Geology  of  Kansas; 

by  B.  F.  Mudge.     With  map,  2  sections  and  6  plates.] 

Kentucky. 

Report  on  the  Geological  Reconnoissance  of  Kentucky,  made  in  1838 ; 
by  W.  W.  Mather.     Frankfort,  1839.     8vo.,  40  pp. 
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Report  of  the  Geological  Survey  in  Kentucky,  made  during  tiie 
years  1854  and  1855;  by  David  Dale  Owen,  Principal  Geolo- 
gist. Frankfort,  1856.  4to.,416  pp.,  7  plates,  6  maps  and  sections. 

Second  Report  of  the  Geological  Survey  in  Kentucky,  made  during 
the  years  1856  and  1857  ;  by  David  Dale  Owen,  Principal  Geolo- 
gist.    Frankfort,  1857.     4to.,  391  pp. 

Third  Report  of  the  Geological  Survey  in  Kentucky,  made  during 
the  vears  1856  and  1857;  by  David  Dale  Owen,  Principal 
Geologist.     Frankfort,  1857.     4to.,  589  pp. 

Atlas  of  10  plates,  and  4  sections  and  maps.     4to. 

Fourth  Report  of  the  Geological  Survey  in  Kentucky,  made  during 
the  years  1858  and  1859;  by  David  Dale  Owen,  Principal 
Geologist.     Frankfort,  1861.     4to.,  617  pp.,  and  section. 

Geological  Survey  of  Kentucky.  N.  S.  Shaler,  Director.  Reports 
of  Progress.  Vol.  I,  new  series.  Frankfort,  1876.  Roy.  8vo.,  xv, 
and  505  pp.,  16  plates,  section  and  map. 

Geological  Survey  of  Kentucky.  N.  S.  Shaler,  Director.  Reports 
of  Progress.  Vol.  II,  new  series.  Frankfort,  1877.  Roy.  Svo., 
xix,  and  476  pp.,  41  sections,  and.  3  maps. 

Geological  Survey  of  Kentucky.  N.  S.  Shaler,  Director.  Reports 
of  Progress.  Vol.  Ill,  new^  series.  Frankfort,  1877.  Roy.  Svo., 
xii,  and  451  pp.,  and  5  maps. 

Geological  Survey  of  Kentucky.  X.  S.  Shaler,  Director.  Reports 
of  Progress.  Vol.  IV,  new  series.  Frankfort,  1878.  Roy.  8vo., 
xvi,  and  461  pp.,  17  sheets  of  sections,  and  3  maps. 

Memoirs  of  the  Geological  Survey  of  Kentucky.  N,  S.  Shaler,  Direc- 
tor. Vol.  I.  Cambridge,  1876.  4to.,  iv,  246,  iv,  44,  and  31  pp., 
26  plates  and  map. 

LOUISTAXA. 

Exploration  of  the  Red  River  of  Louisiana  in  the  year  1852;  by 

Randolph    B.  Marcy,    U.  S.  A.     Washington,  1854.     Svo.,  xiv 

and  286  pp.,  66  plates  and  sections,  and  atlas  of  2  maps. 
Preliminary  Report  of  a  Geological  Reconnoissance  of  Louisiana; 

by  Prof  E.  W.  Hilgard.     New  Orleans,  1869.     8vo.,  15  pp. 
Supplementary  and  Final  Rej)ort  of  a  Geological  Reconnoissance  of 

the  State  of  Louisiana;  by  E.  W.  Hilgard.    New  Orleans,  1873. 

Svo.,  44  pp. 
Report  on  the  Geological  Age  of  the  Mississippi  Delta ;  by  E.  W. 

Hilgard  to  Gen.  A.  A.  Humphreys.     Washington,   1870.     8vo., 

10  pp. 
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Annual  Reports  of  Professors  Lockett,  Hopkins,  and  Featherman 
on  the  Topography,  Geology,  and  Botany  of  Louisiana,  to  the 
Board  of  Supervisors  of  the  Louisiana  State  Seminary  of  Learn- 
ing and  Military  Academy,  for  the  year  1869.  New  Orleans, 
1870.     8vo.,  76  pp. 

In  Annual  Report  of  the  Supervisors  of  the  State  University  for 
1870-71  is  Second  Annual  Report  of  the  Geological  Survey  of 
Louisiana;  by  Prof.  F.  V.  Hopkins.     Svo.,  35  pp.,  and  map. 

In  Annual  Report  of  D.  F.  Boyd,  Superintendent  Louisiana  State 
University,  for  the  year  1871,  to  the  Governor  of  the  State  of 
Louisiana,  is  contained  (pp.  163-206)  Third  Annual  Report  of 
the  Geological  Survey  of  Louisiana;  by  F. .V.  Hopkins.  New 
Orleans,  1871.     Svo. 

Memoir  on  the  Geology  of  Louisiana  and  the  Rock  Salt  Deposit  on 
Petite  Anse  Island  ;  by  E.  W.  Hilgard.  Smithsonian  Institute, 
Washington,  1872.  4to.,  34  pp.,  2  maps  and  sections. 
■Reports  on  the  Specimens  obtained  from  Borings  made  in  1874, 
between  the  Mississippi  River  and  Lake  Borgne,  at  the  site  pro- 
posed as  an  Outlet  for  Flood-waters ;  by  Professors  E.  W.  Hil- 
gard and  F.  V.  Hopkins.  A  Supplement  to  the  Report  of  the 
Commission  of  Engineers  of  January  15th,  1875.  Washington, 
1878.     8vo.,  49  pp.,  3  plates,  map  and  section. 

Maine. 

First  Report  on  the  Geology  of  the  State  of  Maine ;  by  Charles  T. 
Jackson.  Augusta,  1837.  8vo.,  129  pp.  Atlas,  oblong  folio  of 
24  plates. 

Second  Report  on  the  Geology  of  the  State  of  Maine ;  by  Charles 
T.  Jackson.     Augusta,  1838.     8vo,,  xiv  and  168  pp. 

Third  Annual  Report  on  the  Geology  of  the  State  of  Maine ;  by 
Charles  T.  Jackson.    Augusta,  1839.   8vo.,  xiv,  276  and  Ixiv  pp. 

First  Report  on  the  Geology  of  the  Public  Lands  in  the  State  of 
Maine;  by  C.  T.  Jackson.     Boston,  1837.     Svo.,  47  pp. 

Second  Annual  Report  on  the  Geology  of  the  Public  Lands  belong- 
ing to  the  two  States  of  Massachusetts  and  Maine;  by  C.  T. 
Jackson.     Boston,  1838.     8vo.,  xii,  and  93  pp. 

Second  Annual  Report  on  the  Geology  of  the  Public  Lands  belong- 
ing to  the  two  States  of  Maine  and  Massachusetts  ;  by  C.  T. 
Jackson.    Augusta,  1838.    8vo.,  xi,  100  and  xxxvii  pp.,  9  plates. 

Report  of  an  Exploration  and  Survey  of  the  Territory  on  the  Aroos- 
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took  River,  during  the  Spring  and  Autumn  of  1838  ;  by  E. 
Holmes.     Augusta,  1839.     8vo.,  78  pj). 

Sixth  Annual  Report  of  the  Secretary  of  the  Maine  Board  of  Agri- 
culture, 1861.  Augusta,  1861.  8vo.,  477,  and  123  pp.,  includes 
pp.  99  to  458,  Report  on  the  Scientific  Survey  of  the  State,  includ- 
ing Geology ;  by  C.  H.  Hitchcock,  and  a  map. 

Second  Annual  Report  upon  the  Natural  History  and  Geology  of 
the  State  of  Maine,  1862.  8vo.,  447  pp.,  and  map.  [C.  H. 
Hitchcock.]  In  the  Seventh  Annual  Report  of  the  Secretary  of 
the  Maine  Board  of  Agriculture.     Augusta,  1862. 

Maryland. 

♦Report  of  Hon.  Wm.  Cost  Johnson.      PI.  of  R.  Doc.  No.  168. 

Washington,  1836. 
*Report  of  Hon.  Charles  Fenton  Mercer  to  the  House  of  Represen- 
tatives of  the  United  States,  in  1834.    Doc,  No.  414,  Appendix. 

AVashington,  1834, 
Report  on  the  Projected  Survey  of  the  State  of  Maryland,  pursuant 

to  a  Resolution   of  the  General    Assembly.     Annapolis,    1834. 

8vo.,  58  pp.,  and  map.     [J.  T.  Ducatel  and  J.  H.  Alexander.] 
Report  on  the  New  Map  of  Maryland,  1834.    8vo.,  15  pp.     [J.  H. 

Alexander.] 
*Ducaters  First  Report.  Annapolis,  1834.  8vo.,  51  pp.,  and  2  maps. 
Report  on  the  New   Map  of  Maryland,  1835-36.     8vo.,  97  pp., 

plate  and  map.     [J.  H.  Alexander  and  J.  T.  Ducatel.     Includes 

Geological  Report.] 
Report  on  the  New  Map  of  Maryland,  1836.    8vo.,  104  pp.,  5  maps 

and  section. 
*  Alexander's  Report.     Annapolis,  1837.     8vo.,  44  pp. 
Annual  Report  of  the  Geologist  of  Maryland,  1837.     8vo.,  39  pp.. 

and  2  maps.     [J.  T.  Ducatel.] 
Annual  Report  of  the  Geologist  of  Maryland,  1838.     8vo.,  33  pp., 

4  plates.     [J.  T.  Ducatel.] 
Annual  Report  of  the  Geologist  of  Maryland,  1839.     8vo.,  45  pp., 

and  2  maps.     [J.  T.  Ducatel.] 
Annual  Report  of  the  Geologist  of  Maryland,  1840.     Bvo.,  59  pp., 

3  plates.     [J.  T.  Ducatel.] 
*Higgins's  First  to  Sixth  Annual  Reports  of  the  State  Agricultural 

Chemist,  1851-58. 
First  Report  of  Philip  T.  Ty.son,  State  Agricultural  Chemist,  to  the 
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House  of  Delegates  of  Maryland,  Jan.,  1860.     Annapolis,  1860. 

8vo.,  xi,  145,  20  pp.,  and  2  maps. 
Second  Report  of  Philip  T.  Tyson,  State  Agricultural  Chemist,  to 

the   House  of  Delegates   of  Maryland,  Jan.,  1862.    Annapolis, 

1862.     8vo.,  92  pp. 
Report  of  the  Select  Committee  appointed  to  prepare  a  Statement  in 

relation  to  the  Resources  of  Maryland.     Annapolis,  1865.     8vo., 

62  pp. 

Massachusetts. 

Report  of  a  Geological  Survey  of  Massachusetts ;  by  Edward 
Hitchcock.  Part  I.,  Economic  Geology.  Amherst,  1832.  8vo., 
70  pp.,  and  map. 

Report  on  the  Geology,  Mineralogy,  Botany  and  Zoology  of  Massa- 
chusetts, in  four  parts;  by  Edward  Hitchcock.  Amherst,  1833. 
8vo.,  xii  and  692  pp.,  and  4to.  atlas  of  19  plates.  [Second  Edi- 
tion.   Amherst,  1835.    8vo.,  702  pp.,  and  4to.  atlas  of  19  plates.] 

Report  on  a  Re-examination  of  the  Economical  Geology  of  Massa- 
chusetts ;  by  Edward  Hitchcock.     Bo.ston,  1838.     8vo.,  139  pp. 

Reports  of  the  Commissioners  on  the  Zoological  Survey  of  the  State. 
Boston,  1838.     8vo.,  107  pp. 

Final  Report  on  the  Geology  of  Massachusetts,  in  four  i  arts ;  by 
Edward  Hitchcock.  Amherst,  1841.  4to.,  831  pp.  55  plates  and 
map. 

Geological  Map  of  Massachusetts,  made  by  order  of  the  Legislature; 
by  Edward  Hitchcock.  1844.  [On  the  same  sheet  with  the 
Topographical  Map  of  Massachusetts;  by  Simeon  Borden.] 

Explanation  of  the  Geological  Map  of  Massachusetts ;  by  E.  Hitch- 
cock.    Boston,  1844.     12mo.,  22  pp. 

House,  No.  33.  Report  and  Bill  relating  to  the  Coal  Mines  of  the 
State.     Boston",  1839.     8vo.,  45  pp. 

Commonwealth  of  Massachusetts.  Report  on  the  Geology  of  Mas- 
sachusetts ;  by  Edward  Hitchcock.  Boston,  1853.  8vo.,  44  pp., 
2  maps  and  2  plates. 

Ichnology  of  New  England.  A  Report  on  the  Sandstone  of  the 
Connecticut  Valley,  especially  its  Fossil  Footmarks.  Made  to 
the  Government  of  the  Commonwealth  of  Massachusetts ;  by  Ed- 
ward Hitchcock.  Boston,  1858.  4to.,  xii  and  220  pp., and  60  plates. 

Supplement  to  the  Ichnology  of  New  England.  A  Report  to  the 
Government  of  Massachusetts  in  1863;  by  Edward  Hitchcock. 
Boston,  1865.     4to.,  x  and  96  pp.,  20  plates. 
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Catalogue  of  the  Massachusetts  State  ('al)inet,  under  the  charge  of 
the  Secretary  of  the  Board  of  Agriculture.  1859.  [Contains  the 
Geoh)gical  part,  lix  pp.,  prepared  by  Edward  Hitchcock.] 

Michigan. 

State  of  Michigan.  Report  of  the  State  Geologist.  1838.  8vo., 
39  pp.     [Douglass  Houghton.] 

State  of  Michigan.  Appendix  to  the  Report  of  the  State  Geologist, 
1838.     8vo.,  8  pp.     [Douglass  Houghton.] 

Second  Annual  Report  of  the  State  Geologist  of  the  State  of  Michigan. 
Detroit,  1839.     8vo.,  39  and  123  pp.    [D..uglass  Houghton.] 

Third  Annual  Report  of  the  State  Geologist  of  the  State  of  Michigan. 
Detroit,  1840.     8vo.,  124  pp.     [Douglass  Houghton.] 

Report   of  the  State  Geologist  in   relation   to  t!ie  Improvement  of 

State   Salt  Springs. ,   1839.     Bvo.,  8   pp.     [Douglass 

Houghton.] 

State  of  Michigan.  Report  of  State  Geologist,  relative  to  the  Im- 
provement of  Salt  Springs. ,  1840.  8vo.,  9  pp.  [Doug- 
lass Houghton.] 

Fourth  Ann  ual  Report  of  the  State  Geologist  of  the  State  of  Michigan. 
Detroit,  1841.     8vo,,  184  pp.     [Douglass  Houghton.] 

Annual  Report  of  State  Geologist. ,  1842.     8vo.,  6  pp. 

[Douglass  Houghton.] 

Annual  Report  of  State  Geologist. ,  1843.     Bvo.,  5  pp. 

[Douglass  Houghton.] 

Report  of  the  State  Geologist  relative  to  the  State  Salt  Springs. 
,  1843.     Bvo.,  6  pp.     [Douglass  Houghton.] 

Annual    Rej)ort  of  the  State   Geologist. ,    1844.     8vo., 

3  pp.,  and  3  maps.     [Douglass  Houghton.] 

XXIXth  Congress,  2d  Session.  House  of  Representatives.  Doc. 
No.  591.  Mineral  Lands,  Sale  of.  May  4th,  1846.  Report  of 
Mr.  Relfe  from  the  Committee  on  Public  Lands.  Washington, 
1846.     8vo.,  51  pp.,  and  maj). 

*A.  B.  Gray.  Report  to  the  War  Department  on  Mineral  Lands  of 
Lake  Sui)erior.     Washington,  1846.     8vo.,  23  pp.  and  map. 

XXXIst  Congress,  1st  Session.  Ex.  Doc.  No.  5.  Report  on  the 
Geological  and  Mincralogical  Survey  of  the  Mineral  Lands  of  the 
United  States  in  the  State  of  Michigan  ;  by  Charles  T.  Jackson, 
U.  S.  Geologist.     Washington,  1849.     8vo.,  234  pp.,  6  maps. 

XXXIst  Congress,  1st  Session.  Ex.  Doc.  No.  5.  Synopsis  of  the 
Explorations  of  the  Geological  Corps  in  the  Lake  Superior  Laud 
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District  in  the  Northern  Peninsula  of  Michigan,  under  the  direc- 
tion of  J.  \V.  Foster  and  J.  D.  Whitney,  U.  S.  Geologists. 
Washington,  1849.     8vo.,  196  pp. 

XXXIst  Congress,  1st  Session.  Ex.  Doc.  No.  5.  Geological  Report  of 
W.  A.  Burt  and  Bela  Hubbard  on  Survey  of  Township  Lines  in 
1845-46.  Washington,  1849.  8vo.,  132  pp.,  7  plates  and  sec- 
tions, and  5  maps. 

Report  on  the  Geology  and  Topography  of  a  portion  of  the  Lake 
Superior  Land  District  in  the  State  of  Michigan  ;  by  J.  W.  Foster 
and  J.  D.  Whitney,  U.  S.  Geologists.  Part  I,  Copper  Lands. 
Washington,  1850.     8vo.,  224  pp.,  12  plates  and  4  maps. 

Report  on  the  Geology  of  the  Lake  Superior  Laud  District ;  by  J. 
W.  Foster  and  J.  D.  Whitney,  U.  S.  Geologists.  Part  II,  the  Iron 
Region,  together  with  the  General  Geology.  Washington,  1851. 
8vo.,  xvi  and  406  pp.,  37  plates  and  3  maps. 

First  Biennial  Report  of  the  Progress  of  the  Geological  Survey  of 
Michigan,  embracing  observations  on  the  Geology,  Zo5logy,  and 
Botany  of  the  Lower  Peninsula.  Made  to  the  Governor,  Decem- 
ber 31st,  1860.     Lansing,  1861.     8vo.,  339  pp.     [A.  Winchell.] 

Report  of  the  Joint  Committees  on  Geological  Survey  made  to  the 
Legislature  of  Michigan,  1869.     Lansing,  1869.     Svo.,  15  pp. 

Report  on  the  Progress  of  the  State  Geological  Survey  of  Michigan. 
Presented  to  the  State  Geological  Board,  Nov.  22d,  1870,  by 
Alexander  Winchell,  Director.     Lansing,  1871.     8vo.,  64  pp. 

Geological  Survey  of  Michigan.  Upper  Peninsula,  1869-1873. 
Vol.  I,  Part  I,  Iron-bearing  Rocks,  T.  B.  Brooks.  Part  II, 
Copper-bearing  Rocks,  Raphael  Pumpelly.  Part  III,  Palaeozoic 
Rocks,  C.  Rominger.  New  York,  1873.  Roy.  Svo.,  xi,  viii,  319, 
xi,  143,  and  105  pp.,  23  plates  and  atlas  of  24  maps. 

[Part  III.     Published  separately  in  1872.] 

Geological  Survey  of  Michigan.  Upper  Peninsula,  1869-1873. 
Vol.  II,  Appendices  to  Part  I,  Vol.  I ;  by  T.  B.  Brooks.  New 
York,  1873.     Roy.  Svo.,  298  pp.,  and  plate. 

Geological  Survey  of  Michigan.  Lower  Peninsula,  1873-1876. 
Vol.  Ill :  Part  I,  Geology  ;  Part  II,  Palaeontology  ;  by  C.  Rom- 
inger, State  Geologist.  New  York,  1876.  Roy.  8vo.,  225  and 
161  pp.,  59  plates  and  map. 

The  State  of  Michigan,  embracing  Sketches  of  its  History,  Posi- 
tion, Resources,  and  Industries.  Compiled  under  authority  of  the 
Governor;  by  S.  B.  McCracken.  Lansing,  1876.  8vo.,  136  pp., 
5  plates  and  map. 
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Twelfth  Annual  Keport  of  the  Secretary  of  the  State  Board  of  Agri- 
culture of  the  State  of  Michigan,  for  the  year  1873.  Lansing, 
1875.  8vo.,  144  pp.  Contains,  pp.  103-107,  The  Economical 
Geology  of  the  Region  of  Cheboygan  and  Old  Mackinac,  in  the 
Counties  of  Presque  Isle,  Emmet,  and  Cheboygan  ;  by  N.  H. 
Winchell. 

First  Annual  Report  of  the  Commissioner  of  Mineral  Statistics  of 
the  State  of  Michigan  for  1877-8  and  previous  years.  Marquette, 
1879.     8vo.,  229  pp.,  and  6  plates.     [C.  E.  Wright.] 

Minnesota. 

XXXIst  Congress,  1st  Session.  Ex.  Doc.  No.  42.  Report  of  the 
Secretary  of  War,  communicating  the  Report  of  an  E.xploration 
of  the  Territory  of  ]\Iinnesota  ;  by  Brevet-Capt.  Pope.  Washing- 
ton, 1850.     8vo.,  56  pp. 

State  of  Minnesota,  No.  12,  Legislature  of  1861.  Report  on 
Geology.     St.  Paul,  1861.    8vo.,  26  pp.     [Anderson  and  Clark.] 

Report  of  the  State  Geologist,  Aug.  H.  Ilanchett ;  together  with 
the  Physical  Geography,  Meteorology,  and  Botany  of  the  North- 
eastern District  of  Minnesota;  by  Thomas  Clark.  St.  Paul,  1865. 
Svo.,  82  pp. 

Geological  Reconnoissance  of  the  Northern,  Middle,  and  other  coun- 
ties of  Minnesota;  by  Henry  H.  Eames,  State  Geologist,  1866. 
St.  Paul,  1867.     8vo.,  58  pp. 

Report  of  N.  C.  D.  Taylor  on  the  Copper  District  of  Kettle  River, 
incorporating  Mr.  James  Hall's  estimates  of  the  Copper  Prospects 
of  that  District.  1866.  8vo.,  2  pp.  (Only  in  the  Executive 
Documents.) 

Report  of  the  State  Geologist,  Henry  H.  Eames,  on  the  Metallif- 
erous Region  bordering  on  Lake  Superior.  St.  Paul,  1866.  8vo., 
23  pp. 

Geology  and  Minerals.  A  Report  of  Explorations  in  the  Mineral 
Regions  of  Minnesota  during  the  years  1848,  1859,  and  1864;  by 
Charles  W^hittlesey.     Cleveland,  1866.     8vo.,  54  pp. 

Report  of  a  Geological  Survey  of  the  Vicinity  of  Belle  Plaine,  Scott 
County,  Minn. ;  by  Alexander  Winchell.  St.  Paul,  1872.  8vo., 
16  pp. 

The  Geological  and  Natural  History  Survey  of  Minnesota.  The 
First  Annual  Report,  for  the  year  1872  ;  by  N.  H.  Winchell, 
State  Geologist.     St.  Paul,  1873.     8vo.,  112  pp.  and  map. 

The  Geological  and  Natural  History  Survey  of  Minnesota.     The 
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Second  Annual  Report,  for  tlie  year  1873;  by  N.  H.  Winehell, 
State  Geologist,  and  S.  F.  Peckham,  Chemist.  St.  Paul,  1874. 
8vo.,  219  pp.  and  map. 

Report  of  Prof.  N.  H.  Winehell  concerning  the  Salt  Spring  Lands 
due  to   the  State  of  Minnesota.     St.   Paul,  1874.     8vo.,  26  pp. 

The  Geological  and  Natural  History  Survey  of  Minnesota.  The 
Third  Annual  Report,  for  the  year  1874  ;  by  N.  H.  Winehell, 
State  Geologist.     St.  Paul,  1875.     8vo.,  42  pp.  and  2  maps. 

The  Geological  and  Natural  History  Survey  of  Minnesota.  The 
Fourth  Annual  Report,  for  the  year  1875  ;  by  N.  H.  Winehell, 
State  Geologist.  St.  Paul,  1876.  8vo.,  162  pp.,  2  plates  and 
5  maps. 

The  Geological  and  Natural  History  Survey  of  Minnesota.  The 
Fifth  Annual  Report,  for  the  year  1876  ;  b^  N.  H.  Winehell, 
State  Geologist.  St.  Paul,  1877.  8vo.,  247  pp.,  2  plates  and  5 
maps. 

The  Geological  and  Natural  History  Survey  of  Minnesota.  The 
Sixth  Annual  Report,  for  the  year  1877  ;  by  N.  H.  Winehell, 
State  Geologist.  Minneapolis,  1878.  8vo.,  225  pp.,  2  plates  and 
3  maps. 

The  Geological  and  Natural  History  Survey  of  Minnesota.  The 
Seventh  Annual  Report,  for  the  year  1878  ;  by  N.  H.  Winehell, 
State  Geologist.  Minneapolis,  1879.  8vo.,  123  pp.,  and  21 
plates. 

Engineer  Department,  United  States  Army.  An  Essay  concerning 
Important  Physical  Features  exhibited  in  the  Valley  of  the  Min- 
nesota River,  and  upon  their  Signification.  By  Maj.-Gen.  G.  K. 
Warren,  TJ.  S.  A.    Washington,  1874.    8vo,,  22  pp.,  and  4  plates. 

Miscellaneous. 

United  States  Exploring  Expedition,  during  the  years  1838,  1839, 
1840,  1841,  1842,  under  the  command  of  Charles  Wilkes.  Vol. 
X.  Geology;  by  James  D.  Dana.  Philadelphia,  1849.  4to.,  pp. 
xii,  9-756,  and  5  maps.     Folio  atlas  of  21  plates. 

Exploratory  Travels  through  the  Western  Territories  of  North 
America,  comprising  a  Voyage  from  St.  Louis  on  the  Mississippi, 
to  the  source  of  that  river,  and  a  Journey  through  the  Interior  of 
Louisiana  and  the  Northeastern  Provinces  of  New  Spain.  Per- 
formed in  the  years  1805-6-7,  by  order  of  the  Government  of  the 
L^nited  States;  by  Zebulon  Montgomery  Pike,  U.  S.  A.  Phila- 
delphia, 1810.     8vo., pp.,  and  2  maps. 
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[Reprinted.     London,  1811.     4to,,  xx  and  4o6  pp.,  2  maps.] 

Narrative — Jonrnal  of  Travels  through  the  Nortliwestern  Regions 
of  the  United  States,  extending  from  Detroit  throngh  the  Great 
Chain  of  American  Lakes  to  the  source  of  the  Mississippi  River. 
Performed,  as  a  member  of  the  Expedition,  under  Governor  Cass, 
in  the  year  1820,  by  Henry  R.  Schoolcraft.  Albany,  182L  8vo., 
419  and  iv  pp.,  map  and  8  plates. 

Report  on  Bridging  the  Mississippi  River  between  St.  Paul,  Minn., 
and  St.  Louis,  Mo. ;  by  Maj.-Gen.  G.  K.  Warren,  U.  S.  A. 
Washington,  1878.     8vo.,  232  pp.,  and  65  plates. 

Report  of  the  Superintendent  of  the  United  States  Coast  Survey 
for  1867.  Washington,  1868.  4to.  Contains,  pp.  183-186, 
Letters  of  Professor  L.  Agassizon  the  Relation  of  Geological  and 
Zoological  Researches  to  General  Interests  in  the  Development  of 
Coast  Features. 

Mississippi. 

Report  on  the  Agriculture  and  Geology  of  Mississippi,  embracing 

a  Sketch  of  the  Social    and    Natural  History  of  the  State  ;  by 

B.  L.  C.  Wailes,  Geologist  of  Mississippi.     Jackson,  1854.    8vo., 

XX  and  371  pp.,  17  plates  and  map. 
Preliminary  Report  on  the  Geology  and  Agriculture  of  the  State  of 

Mississippi ;    by   L.    Harper,    State  Geologist.      Jackson,   1857. 

8vo.,  vii,  and  350  pp.,  9  plates  and  map. 
Report  on  the  Geological  and  Agricultural  Survey  of  the  State  of 

Mississippi ;  by  Eugene  W.  Hilgard,  State  Geologist.     Jackson, 

1858.     8vo.,  22  pp. 
Report  on  the  Geology  and  Agriculture  of  the  State  of  Mississippi ; 

by    E.    W.  Hilgard,  State    Geologist.     Jackson,    1860.      8vo., 

xxiv,  and  391  pp.,  map  and  2  plates. 

Missouri. 

H.  King.  Report  of  a  Geological  Recounoissance  of  part  of  the 
Missouri  River,  adjacent  to  the  Osage  River,  made  to  the  Chief 
Engineer  of  the  State,  1839.     19  pp.     Published  in  1841  (?). 

The  First  and  Second  Annual  Reports  of  the  Geological  Survey  of 
Missouri ;  by  G.  C.  Swallow,  State  Geologist.  Jefferson  City, 
1855.     8vo.,  207  and  239  pp.,  15  plates,  19  sections,  and  5  maps. 

Third  Report  of  Progress  of  the  Geological  Survey  of  Missouri ; 
by  G.  C.  Swallow.     Jefferson  City,  1857.     8vo.,  3  i)p. 

Fourth  Report  of  Progress  of  the  Geological  Survey  of  Missouri ; 
by  G.  C.  Swallow.     Jefferson  City,  1859.     8vo.,  14  pp. 
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Geological  Report  on  the  Country  along  the  Line  of  the  Southwest- 
ern Branch  of  the  Pacific  Railroad,  State  of  Missouri;  by  G.  C. 
Swallow,  State  Geologist ;  to  which  is  prefixed  a  memoir  of  the 
Pacific  Railroad.  St.  IjOuIs,  1859.  8vo.,  xvii  and  93  pp.,  2 
plates  and  map. 

Fifth  Report  of  Progress  of  the  Geological  Survey  of  Missouri ;  by 
G.  C.  Swallow.     Jefferson  City,  18G1.     8vo.,  19  pp. 

Annual  Report  of  the  State  Geologist  for  the  State  of  Missouri. 
Jefferson  City,  1871.     8vo.,  21  pp.     [A.  D.  Hager.] 

Geological  Survey  of  Missouri,  Raphael  Punipelly,  Director.  Pre- 
liminary Report  on  the  Iron  Ores  and  Coal  Fields  from  the 
Field  Work  of  1872.  New  York,  1873.  Roy.  8vo.,  xvi,  214 
and  441  pp.,  plate,  section,  map,  and  atlas  of  14  sheets. 

Reports  on  the  Geological  Survey  of  the  State  of  Missouri,  1855- 
1871.  By  G.  C.  Broadhead,  F.  B.  Meek,  and  B.  F.  Shumard. 
Jefferson  City,  1873.  8vo.,  323  and  iv  pp.,  3  plates,  section,  and  9 
maps. 

Report  of  the  Geological  Survey  of  the  State  of  Missouri,  including 
Field  Work  of  1873-1874.  Garland  C.  Broadhead,  State  Geol- 
ogist. Jefferson  City,  1874.  8vo.,  734,  xlix  and  4  pp.,  28  plates, 
and  atlas  of  15  sheets. 

New  Brunswick. t 

First  Report  on  the  Geological  Survey  of  the  Province  of  New 
Brunswick;  by  Abraham  Gesner.     St.  John,  1839.    8vo.,  82  pp. 

Second  Report  on  the  Geological  Survey  of  the  Province  of  New 
Brunswick  ;  by  Abraham  Gesner.    St.  John,  1840.     8vo.,  xii  and 

72  pp. 

Third  Report  on  the  Geological  Survey  of  the  Province  of  New 
Brunswick;  by  Abraham  Gesner.  St.  John,  1841.  8vo.,  xiv  and 
88  pp. 

Fourth  Report  on  the  Geological  Survey  of  the  Province  of  New 
Brunswick;  by  Abraham  Gesner.    St.  John,  1842.    8vo.,  101  pp. 

Report  on  the  Geological  Survey  of  the  Province  of  New  Bruns- 
wick, with  a  Topographical  Account  of  the  Public  Lands  and  the 
District  Explored  in  1842;  by  Abraham  Gesner.  St.  John, 
1843.     8vo.,  88  pp. 

Report  on   the  Agricultural  Capabilities  of  the  Province  of  New 

f  Since  1867  the  Surveys  of  this  Province  have  been  included  in  the  Geological 
Survey  of  Canada. 
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Brunswick  ;  by  J.  F.  W.  Johnston.     [Contains  Robb's  Notes  on 

Geology.    Pp.  12,  13,  38-47.]    Fredericton,  1850.    8vo.,  262  pp. 

*L.  W.  Bailey's  Report  on  the  Mines  and  Minerals.     Fredericton, 

1864.  Svo.,  73  pp. 

Observations  on  the  Geology  of  Southern  New  Brunswick,  made 
principally  during  the  Summer  of  1864,  by  Professor  L.  W. 
Bailey,  George  F.  Matthew,  and  C.  F.  Hartt ;  made  and  ar- 
ranged, with  a  Geological  Map,  by  L,  W.  Bailey.     Fredericton, 

1865.  8vo.,  159  pp.,  map  and  section. 

A  Preliminary  Report  on  the  Geology  of  New  Brunswick,  together 
with  a  Special  Report  on  the  Distribution  of  the  "  Quebec  Group  " 
in  the  Province;  by  Henry  Youle  Hind.  Fredericton,  1865. 
8vo.,  293  pp. 

Report  on  the  Geological  Structure  and  Mineral  Resources  of  Prince 
Edward  Island;  by  J.  AV.  Dawson  and  B.  J.  Harrington.  Mon- 
treal, 1871.    8vo.,  52  pp.,  map,  section,  and  3  plates. 

The  Woods  and  Minerals  of  New  Brunswick,  being  a  Descriptive 
Catalogue  of  the  Trees,  Shrubs,  Rocks,  and  Minerals  of  the 
Province  available  for  Economic  Purposes.  (Prepared  for  Cen- 
tennial Exhibition,  1876.)  By  L.  W.  Bailey  and  Edward  Jack. 
Fredericton,  1876.    18mo.,  51  pp. 

Newfoundland. 

*J.  B.  Jukes.    Preliminary  Report.    St.  Johns,  1839.    Folio,  —  pp. 
General  Report  of  the  Geological  Survey  of  Newfoundland,  executed 

during  the  years  1839  and  1840 ;  by  J.  B.  Jukes.    London,  1843. 

8vo.,  160  pp.,  and  2  plates  of  sections. 
Report  on   the  Geology  of  Newfoundland  for  1865  ;  by  Alexander 

Murray  ;  with  a  Prefatory  Report  and  an  Appendix  by  Sir  W. 

E.  Logan,     Montreal,  1865.     8vo.,  46  pp.,  and  map. 
Report  upon  the  Geological  Survey  of  Newfoundland  for  the  year 

1867 ;  by  A.  Murray.    St.  John's,  1868.    8vo.,  34  pp.,  and  section. 
Report  upon  the  Geological  Survey  of  Newfoundland  for  1868  ;  by 

A,  Murray.     St.  John's,  1868.     8vo.,  68  pp. 
Report  upon  the  Geological  Survey  of  .Newfoundland  for  the  year 

1869;  by  A.  Murray.     St.  John's,  1870.     12mo.,  85  pp. 
Report  upon  the  Geological  Survey  of  Newfoundland  for  the  year 

1870;  by  A.  Murray.    St.  John's,  1870.     8vo.,  51  pp. 
Report  upon   the  Geological  Survey  of  Newfoundland  for  the  year 

1871;  by  A.  Murray.     St.  John's,  1872.     8vo.,  49  pp. 
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Report  upon  the  Geological  Survey  for  the  year  1872;  by  A.  Mur- 
ray.    St.  John's,  1873.     8vo.,  34  pp. 

Geological  Survey  of  Newfoundland,  Alexander  Murray,  Director. 
Report  of  Progress  for  tlie  year  1873.  Montreal,  1873.  8vo., 
47  pp.,  and  map. 

[xluother  Edition,  without  map,  printed  at  St.  John's,  1873.  Svo., 
96  pp.] 

[A  Third  Edition.     St.  John's,  1874.     8vo.,  78  pp.,  and  map.] 

Geological  Survey  of  Newfoundland,  Alexander  Murray,  Director. 
Report  of  Progress  for  the  year  1874.  St.  John's,  1875.  8vo., 
74  pp.,  and  3  maps. 

[Another  Edition.     St.  John's,  1875.     8vo.,  68  pp.] 

Geological  Survey  of  Newfoundland,  Alexander  Murray,  Director, 
and  James  P.  Howley,  Assistant.  Report  of  Progress  for  the 
year  1875.     St  John's,  1876.     8vo.,  22  pp. 

[Another  Edition.     St.  John's,  1875.     8vo.,  17  pp.] 

Geological  Survey  of  Newfoundland,  Alexander  Murray,  Director, 
and  James  P.  Howley,  Assistant.  Report  of  Progress  for  the 
year  1876.     St.  John's,  1877.     8vo.,  63  pp. 

Geologi.cal  Map  of  Newfoundland  ;  by  Alexander  Murray.  Mon- 
treal, 1877. 

New  Hampshire. 

First  Annual  Report  on  the  Geology  of  the  State  of  New  Hamp- 
shire; by  C.  T.  Jackson.  Concord,  1841.   12mo.,  iv^,  and  164  pp. 

*Journals  of  tlie  Senate  and  House  of  Representatives.  June  Ses- 
sion, 1812.  Contains,  as  Appendix,  Report  of  the  State  Geologist 
[C.  T.  Jackson].     6  pp. 

^Journals  of  the  Senate  and  House  of  Representatives.  June  Ses- 
sion, 1843.     Contains  Letter  of  Jackson  to  the  Governor.     2  pp. 

Final  Report  on  the  Geology  and  Mineralogy  of  the  State  of  New 
Hampshire,  with  Contributions  towards  the  Improvement  of  Agri- 
culture and  Metallurgy;  by  Charles  T.  Jackson.  Concord,  1844. 
4to.,  viii,  and  376  pp.,  8  plates,  and  3  folded  sheets. 

First  Annual  Report  upon  the  Geology  and  Mineralogy  of  the  State 
of  New  Hampshire;  by,  C.  H.  Hitchcock.  Manchester,  1869. 
Svo,,  36  pp.,  and  map. 

Second  Annual  Report  upon  the  Geology  and  Mineralogy  of  the 
State  of  New  Hampshire ;  by  C.  H.  Hitchcock.  Manchester, 
1870.     8vo.,  37  pp.,  and  map. 

Report  of  the  Geological  Survey  of  the  State  of  New  Hampshire, 
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showing  its  progress  during  tlie  year  1870;  by  C.  H.  Hitchcock. 
Nashua,  1871.     8vo.,  82  pp. 

Report  on  the  Geological  Survey  of  the  State  of  New  Hampshire, 
showing  its  progress  during  the  year  1871  ;  by  C.  H.  Hitchcock. 
Nashua,  1872.     8vo.,  5Q  pp.,  and  map. 

Report  of  the  Geological  Survey  of  the  State  of  New  Hampshire, 
showing  its  progress  during  the  year  1872  ;  by  C.  H.  Hitchcock. 
Nashua,  1873.     8vo.,  15  pp.,  and  map. 

The  Geology  of  New  Hampshire.  A  report  comprising  the  results 
of  explorations  ordered  by  the  I^egislature.  C.  H.  Hitchcock, 
State  Geologist.  Part  I,  Physical  Geography.  Concord,  1874. 
Roy.  8vo.,  pp.  xii,  and  668.     49  maps  and  illustrations. 

The  Geology  of  New  Hampshire.  A  report  comprising  the  results 
of  explorations  ordered  by  the  Legislature.  C.  H.  Hitchcock, 
State  Geologist.  Part  II,  Stratigraphical  Geology.  Concord, 
1877.     Roy.  Svo.,  pp.  xii  and  684.     40  maps  and  illustrations. 

The  Geology  of  New  Hampshire.  A  report  comprising  the  result 
of  explorations  ordered  by  the  Legislature.  C.  H.  Hitchcock, 
State  Geologist.  Part  III,  Surface  Geology.  Part  IV,  Miner- 
alogy. Part  V,  Economic  Geology.  Concord,  1878.  Roy.  8vo., 
viii,  386,  262,  and  103  pp.,  and  30  plates. 

Atlas  of  16  plates.     1878. 

New  Jersey. 

Report  on  the  Geological  Survey  of  the  State  of  New  Jersey ;  by 
Henry  D.  Rogers.     Philadelphia,  1836.     188  pp.,  and  plate. 

Message  of  Gov.  Ph.  Dickerson  to  Legislature  of  New  Jersey,  sent 
in  on  January  3d,  1837.  Trenton,  1837.  12mo.,  JO  pp.  [Con- 
tains references  to  Rogers's  Survey,  and  on  i)p.  9-10,  has  sum- 
mary of  operations  for  1836,  by  H.  D.  Rogers.] 

Description  of  the  Geology  of  the  State  of  New  Jersey,  being  a  final 
Report;  by  Henry  D.Rogers.  Philadelphia,  1840.  8vo.,  301 
pp.,  map,  and  plate.     [Reprinted  without  map.    Trenton,  1865.] 

First  Annual  Report  of  the  Geological  Survey  of  the  State  of  New 
Jersey  for  the  year  1854.  New  Brunswick,  1855.  103  pp.,  and 
4  plates.     [Wm.  Kitchell.] 

Second  Annual  Report  on  the  Geological  Survey  of  the  State  of 
New  Jersey  for  the  year  1855.  Trenton,  1856.  viii  and  248 
pp.,  2  maps,  and  17  plates.     [Wm.  Kitchell.] 

Third  Annual  Report  on  the  Geological  Survey  of  the  State  of  New 
Jersey  for  the  year  1856,  with  a  Catalogue  of  I'lants  growing  in 
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Monmouth  and  Ocean  Counties.  Trenton,  1857.  8vo.,  79  and 
41  pp.     [Wm.  Kitehell  and  P.  D.  Knleskeru.] 

Geology  of  the  County  of  Cape  May,  State  of  New  Jersey.  Tren- 
ton, 1857.  208  pp.,  map,  and  11  plates  and  illustrations.  [Geo. 
H.  Cook.] 

Report  of  George  H.  Cook  upon  the  Geological  Survey  of  New  Jer- 
sey and  its  Progress  during  the  year  1863.  Trenton,  1864.  8vo., 
13  pp. 

The  Annual  Report  of  Geo.  H.  Cook,  State  Geologist,  to  his  Ex- 
cellency Joel  Parker,  President  of  the  Board  of  Managers  of  the 
Geological  Survey  of  New  Jersey,  for  the  year  1864.     Trenton, 

1865.  8vo.,  24  pp. 

Annual  Report  of  Geo.  H.  Cook,  State  Geologist,  to  his  Excel- 
lency Joel  Parker,  President  of  the  Board  of  Managers  of  the 
Geological  Survey  of  New  Jersey,  for  the  year  1865.     Trenton, 

1866.  8vo.,  12  pp. 

Third  Annual  Report  on  the  Geological  Survey  of  the  State  of  New 

Jersey  for  the  year  1866.     Trenton,  1867.     8vo.,  27  pp.     [Geo. 

H.  Cook.] 
Report  of  the  State  Geologist,  Geo.  H.  Cook,  for  the  year  1867. 

Trenton,  1868.     8vo.,  28  pp. 
Geology  of  New  Jersey.     By  authority  of  the  Legislatui-e.     George 

H.  Cook,  State  Geologist.     Newark,  1868.     Roy.  8vo.,  xxiv  and 

900  pp.,  and  5  maps.     Atlas  of  8  maps. 
Annual   Report  of  the   State  Geologist  of  New  Jersey  for  1869. 

Trenton,  1870.    8vo.,  57  pp.,  3  maps,  and  plate  of  profiles.  [Geo. 

H.  Cook.] 
Annual  Report  of  the  State  Geologist  of  New  Jersey  for  the  year 

1870.  New  Brunswick,  1871.  8vo.,  75  pp.,  map,  2  plates  of 
sections,  and  illustration.    [Geo.  H.  Cook.] 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  the  year 

1871.  New  Brunswick,  1872.  8vo.,  46  pp.,  map,  and  plate  of 
profiles.     [Geo.  H.  Cook.] 

Annual  Report  of  the  State  Geologist  of  New  Jersey  for  the  year 

1872.  Trenton,  1872.     8vo.,  44  pp.     [Geo.  H.  Cook.] 
Geological  Survey  of  New  Jersey.     Annual    Report  of  the  State 

Geologist  for  the  year  1873.     Trenton,  1873.     8vo.,  128  pp.,  2 
plates,  and  map  of  Northern  New  Jersey  in  pocket.     [Geo.  H. 
Cook.] 
Geological   Survey  of  New  Jersey.     Annual   Report  of  the  State 
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Geoloo:ist   for   the   year  1874.     Trenton,  1874.     8vo.,  115  pp., 

and  map.     [Geo.  H.  Cook.] 
Geological  Survey  of  New  Jersey.     Annual   Report  of  the  State 

Geologist  for  the  year  1875.     Trenton,  1875.     8vo.,  41  pp.,  and 

map.     [Geo.  H.  Cook.] 
Catalogue  of  the  Centennial  Exhibit  of  the  Geological  Survey  of 

New  Jersey.     1876.     8vo.,  84  pp. 
Geological   Survey  of  New  Jersey.     Annual   Report  of  the  State 

Geologist  for  the  year  1876.     Trenton,  1876.     8vo.,  56  pp.,  and 

map.     [Geo.  H.  Cook.] 
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Vol.  III.     Albany,  185L     4to.,  viii  and  340  pp.,  and  100  plates. 
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Zoology  of  New  Y(»rk,  or  the  New  York  Fauna;  comprising  de- 
tailed Descriptions  of  all  the  Animals  hitherto  observed  within 
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Part  V,  Mollusca.     Albany,  1843.     4to.,  viii  and  271  pp.,  and  40 

plates. 
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1853.     8vo.,  35  pp. 

Report  of  the  Commissioners  appointed  to  Superintend  the  comple- 
tion of  the  Publication  of  the  ''Natural  History  "  of  New  York. 
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ural History.     Albany,  1854.     8vo.,  126  pp.,  and  2  plates. 

Eighth  Annual  Report  of  the  Regents  of  the  University  of  the  State 
of  New  York  on  the  Condition  of  the  State  Cabinet  of  Natural 
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ural History.  Transmitted  to  the  Legislature,  April  20th,  1868. 
Albany,  1871.     8vo.,  vi,  190,  and  5  pp.,  and  13  plates. 
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Physiographical  Description  of  North  Carolina.  1879.  By  W.  C. 
Kerr,  State  Geologist.     Raleigh,  1879.     8vo.,  28  pp.,  and  map. 

Nova  Scotia. f 

*J.  W.  Dawson.     Report  on  the  Coal  Fields  of  Caribou  Cove,  etc. 

Halifax,  1846.     Folio,  10  pp.     (Legislative  Doc) 
*Joseph  Howe  and  Henry  How.     Report  on  Discovery  of  Gold  in 

Nova  Scotia.     Halifax,  1860.     Folio,  4  pp.     (Legislative  Doc.) 

f  Since  1867  the  Surveys  of  Nova  Scotia  have  been  included  in  the  Geological 
Reports  of  Canada. 
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*J.  Howe.  Report  on  Gokl-Fiekls.  Haliflix,  1861.  Folio,  7  pp. 
(Legislative  Doc.) 

*Henry  Poole.  Report  on  Gold-Fields,  Western  Section.  Halifax, 
1862.     Folio,  25  p\\     (Legislative  Doc.) 

*J.  Campbell.  Report  on  Gold-Fields,  Eastern  Section.  Halifax, 
1862.     Folio,  8  jjp.     (Legi-slative  Doc.) 

*J.  Campbell.  Report  on  Gold-Fields.  Halifax,  1868.  Folio, 
12  pp.     (Legislative  Doc.) 

*David  Honeyman.  Report  on  Geological  Survey  of  Nova  Scotia 
and  Cape  Breton.  Halifax,  1864.  Folio,  7  pp.    (Legislative  Doc.) 

*H.  How.  Report  on  Minerals  collected  by  D.  Honeyman.  Hali- 
fax, 1865.     Folio,  4  pp.     (Legislative  Doc.)  ^ 

The  Gold  Region  of  Nova  Scotia.  Report  of  T.  Sterry  Hunt,  ad- 
dressed to  Sir  W.  E.  Logan.     Ottawa,  1868.     8vo.,  48  pp. 

The  Mineralogy  of  Nova  Scotia,  a  Report  to  the  Provincial  Govern- 
ment; by  Henry  How.     Halifax,  1869.     8vo.,  vi  and  217  pp. 

Report  on  the  Waverly  Gold  District,  with  Geological  Maps  and 
Sections;  by  Henry  Youle  Hind.  Halifax,  1869.  8vo.,  62  pp., 
and  map. 

Report  on  the  Sherbrooke  Gold  District,  together  with  a  Paper  on 
the  Gneisses  of  Nova  Scotia,  and  an  Abstract  of  a  Paper  on  Gold 
Mining  in  Nova  Scotia  ;  by  Henry  Youle  Hind.  Halifax,  1870. 
8vo.,  79  pp.,  and  4  maps. 

*Preliminary  Report  on  the  Gneissoid  Series  of  Nova  Scotia;  In' 
H.  Y.  Hind.     Halifax,  1870.     8vo.,  15  pp. 

The  Coal  Fields  of  Nova  Scotia;  by  John  Rutherford,  Inspector  of 
Mines.  Reprinted  from  Trans.  North  of  England  Inst,  of  Min- 
ing Engineers.  Newcastle-upon-Tyne,  1871.  8vo.,  58  pp.,  and 
4  maps.     [Distributed  by  the  Government,  hence  qua.n  official.] 

Report  on  the  Mount  L^niacke,  Oldham,  and  Renfrew  Gold  Mining 
Districts,  with  Plans  and  Sections;  l)y  Henry  Youle  Hind.  Hali- 
fax, 1872.     8vo.,  1.36  pp.,  3  maps  and  sections. 

Report  on  a  Toj)ographieal  Survey  of  I^irt  of  the  Cuml>erland  Coal 
Field,  with  Notices  of  tiie  Coal  Seams  and  their  Relation  to  the 
Iron  Deposits  of  the  Cobequids;  by  Henry  Youle  Hind.  Hali- 
fax, 1873.     Svo.,  68  pp. 

Ohio. 

Report  of  the  Select  Committee  appointed  on  so  much  of  the  Gover- 
nor's Message  as  relates  to  a  Mineralogical  and  Geological  Survey 
of  the  State  of  Ohio.     Columbus,  n.  d.     8vo.,  18  pp. 
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Report  of  the  Special  Committee  appointed  by  the  last  Legislature, 
to  Report  on  the  best  Method  of  obtaining  a  complete  Geological 
Survey  of  the  State  of  Ohio.  Columbus,  1836.  12mo.,  18  pp., 
2  plates. 

Report  of  John  L.  Riddell,  one  of  the  Special  Committee  appointed 
by  the  last  Legislature  to  report  on  the  Method  of  obtaining  a 
Complete  Geological  Survey  of  this  State.  Columbus,  1837.  8vo., 
34  pp. 

Report  from  the  Geological  Board  in  reply  to  a  Resolution  of  the 
House  of  Representatives.  House,  March  16th,  1838.  8vo., 
6  pp.     [W.  W.  Mather.] 

First  Annual  Report  on  the  Geological  Survey  of  the  State  of  Ohio; 
By  W.  W-  Mather.     Columbus,  1838.     8vo.,  134  pp.,  and  plate. 

Second  Annual  Report  on  the  Geological  Survey  of  the  State  of  Ohio  ; 
by  W.  \y.  Mather.  Columbus,  1838.  8vo.,  286  pp.,  7  plates,  7 
sections  and  map. 

The  Geological  Survey  of  Ohio,  its  Progress  in  1869.  Report  of  an 
Address  delivered  to  the  Legislature  of  Ohio,  Feb.  7th,  1870 ; 
by  J.  S.  Newberry,  Chief  Geologist.  New  York,  1870.  8vo., 
60  pp. 

Geological  Survey  of  Ohio.  Part  I,  Report  of  Progre&s  in  1869  ; 
by  J.  S.  Newberry,  Chief  Geologist.  Part  IT,  Report  of  Progress 
in  the  Second  District;  by  E.  B.  Andrews,  Asst.  Geologist. 
Part  III,  Report  on  Geology  of  Montgomery  County ;  by  Ed- 
ward Orton,  Asst.  Geologist.  Columbus,  1870.  8vo.,  164  pp.,  4 
sections,  and  2  maps. 

Geological  Survey  of  Ohio.  Report  of  Progress  in  1870;  by  J.  S. 
Newberry,  Chief  Geologist.  Including  Reports  by  E.  B.  An- 
drews, Edward  Orton,  J.  H.  Klippart,  T.  G.  Wormley,  G.  K. 
Gilbert,  M.  C.  Read,  Henry  Newton,  and  W.  B.  Potter.  Colum- 
bus, 1871.     8vo,,  568  pp.,  2  plates,  and  5  sheets  of  sections. 

Report  of  Progress  for  1871  ;'by  J.  S.  Newberry,  Chief  Geologist. 
Columbus,  1872.     8vo.,  12  pp. 

Re}X)rt  of  the  Geological  Survey  of  Ohio.  J.  S.  Newberry,  Chief 
Geologist.  Vol.  I,  Geoloiry  and  Palaeontology.  Part  I,  Geology. 
Columbiis,  1873.  8vo.,  vi,  and  680  pp.,  18  maps  and  sections, 
and  5  sheets  of  sections.  [Includes  Reports  by  J.  S.  Newberry, 
E.  B.  Andrews,  Edward  Orton,  M.  C.  Read,  G.  K.  Gilbert,  N. 
H.  Winchell.] 

Report  of  the  Geological  Survey  of  Ohio.  J.  S.  Newberry,  Chief 
Geologist.    Vol.  I,  Geology  and  Paleontology,     Part  II,  Palseon- 
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tology.  ColuInbu^J,  1873.  Roy.  8vo.,  xiii,aiKl  390  pp.,  49  plates, 
and  3  diagrams.    [Reports  by  J.  S.  Newberry  and  F.  B.  Meek.] 

Report  of  the  Geological  Survey  of  Ohio.  J.  S.  Newberry,  Chief 
Geologist.  Vol.  II,  Geology  and  Paheontology.  Part  I,  Geology. 
Columbus,  1874.  8vo.,  xv,  701  pp.,  24  sections,  and  map,  plate, 
and  8  sheets  of  sections.  [Includes  Reports  by  J.  S.  Newberry, 
N.  H.  Winchell,  E.  B.  Andrews,  Edward  Orton.] 

Report  of  the  Geological  Silrvey  of  Ohio.  J.  S.  Newberry,  Chief 
Geologist.  Vol.  II,  Geology  and  Palaeontology.  Part  II,  Palae- 
ontology. Columbus,  1875.  Roy.  8vo.,  viii,  and  435  pp.,  59 
plates,  and  2  sheets.  [Includes  Reports  by  J.  S.  Newberry,  James 
Hall,  R.  P.  Whitfield,  H.  Alleyne  Nicholson,  F.  B.  Meek,  E.  D. 
Cope,  E.  B.  Andrews.] 

Report  of  the  Geological  Survey  of  Ohio.  J.  S.  Newberry,  Chief 
Geologist.  Vol.  III.,  Geology  and  Palaeontology.  Part  I,  Geol- 
ogy. Columbus,  1878.  8vo.,  viii  and  958  pp.,  10  maps  and  13 
sections.  [Includes  Reports  by  J.  S.  Newberry,  E.  B.  Andrews, 
J.  J.  Stevenson,  M.  C.  Read,  A.  W.  Wheat,  Edward  Orton,  John 
Hussey,  F.  C.  Hill,  A.  C.  Lindemuth,  J.  T.  Hodge,  H.  Herzer.] 

Report  of  the  Geological  Survey  of  Ohio.  J.  S.  Newberry,  Chief 
Geologist.  Vol.  IV,  Zoology  and  Botany.  Columbus,  1879. 
8vo.,  900  pp.,  and  plate.  [Includes  Reports  by  J.  S.  Newberry, 
A.  W.  Brayton,  J.  M.  Wheaton,  D.  S.  Jordan,  \\.  H.  Smith,  R. 
M.  Byrnes,  H.  C.  Beardslee.] 

Oregon. 

Preliminary  Report  of  the  State  Geologist  to  the  Legislative  Assem- 
bly. Eighth  Regular  Session,  1874.  Salem,  1874.  8vo.,  22  pp. 
[Thomas  Condon.] 

Pennsylvan  I  a  .  t 

Report  of  a  Committee  of  the  House  of  Representatives,  recom- 
mending an  appropriation  by  the  Legislature  to  make  a  Geological 
Survey  of  the  State,  under  the  direction  of  the  Geological  Society 
of  Pennsylvania.  Mr.  Say,  Chairman.  Harrisburg,  1833.  8vo., 
10  pp. 

Report  of  the  Committee  of  the  Senate  of  Pennsylvania  upon  the 
subject  of  the  Coal  Trade;  S.  J.  Packer,  Chairman.  Harrisburg, 
1834.     8vo.,  126  pp.,  and  map. 

f  Some  reports  which  were  printed  in  Geimnn  are  omitted  in  this  catalogue. 
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Report  to  the  Legislature  of  Pennsylvania,  containing  a  Description 
of  the  Swatara  Mining  District;  Henry  K.  Strong,  Chairman. 
Harrisburg,  1839.     12mo.,  61  pp.,  8  plates,  and  map. 

Report  to  the  Legislature  of  the  Coniinittee  on  so  much  of  the 
Governor's  Message  as  relates  to  the  Geological  and  Mineralogical 
Survey  of  the  State;  by  Charles  B.  Trego.  Harrisburg.  1836. 
8vo.,  12  pp. 

Report  of  the  Joint  Committee  of  the  Senate  and  House  of  Repre- 
sentatives of  Pennsylvania  on  the  Publication  of  the  Geological 
Surveys,     n.d.  8vo.,  16  pp. 

First  Annual  Report  of  the  State  Geologist.  Harrisburg,  1836. 
Svo.,  22  pp.     [H.  D.  Rogers.] 

Second  Annual  Report  on  the  Geological  Exploration  of  the  State 
of  Pennsylvania ;  by  Henry  D.  Rogers,  State  Geologist.  Har- 
risburg, 1838.  8vo.,  91  pp.,  and  plate. 

[Another  edition  has  93  pp.] 

Third  Annual  Report  on  the  Geological  Survey  of  the  State  of 
Pennsylvania.  Henry  D.  Rogers,  State  Geologist.  Harrisburg, 
1839/  8vo.,  118  pp. 

[Another  edition  has  119  pp.] 

Fourth  Annual  Report  on  the  Geological  Survey  of  the  State  of 
Pennsylvania;  by  Henry  D.  Rogers,  State  Geologist.  Harris- 
burg, 1840.     8vo,,  252  pages. 

[Another  edition  has  215  pp.] 

Fifth  Annual  Report  on  the  Geological  Exploration  of  the  Common- 
wealth of  Pennsylvania ;  by  Henry  D.  Rogers,  State  Geologist, 
Harrisburg,  1841.     8vo.,  156  pp.,  and  plate  of  sections. 

[Another  edition  has  179  pp.] 

Sixth  Annual  Report  on  the  Geological  Survey  of  Pennsylvania ; 
by  Henry  D,  Rogers,  State  Geologist.  Harrisburg,  1842.  8vo., 
28  pp. 

Report  of  Richard  Brodhead,  Jr.,  of  Northampton,  a  member  of 
the  Select  Committee  to  which  was  referred  that  part  of  the 
Governor's  Message  relative  to  the  Geological  Survey  of  the  State. 
Harrisburg,  1841.     8vo.,  7  pp. 

Report  of  the  Select  Committee  of  the  Senate  of  Pennsylvania,  in 
relation  to  the  Progress  of  the  State  Geological  Survey.  Harris- 
burg, 1855.     Svo.,  7  pp. 

The  Geology  of  Pennsylvania,  a  Government  Survey.  With  a  Gen- 
eral view  of  the  Geology  of  the  United  States,  essays  on  the 
Coal  Formation  and  its  Fossils,  and  a  Description  of  the  Coal 
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Fields  of  North  America  and  Great  Britain  ;  by  Henry  Darwin 
liogers,  State  Geologist.  Edinburgh  and  New  York,  1868.  4to,, 
Vol.  I,  586  pp.,  11  plate.s  of  sections,  and  24  plates.  Vol.  II, 
1045  pp.,  7  plates  of  sections,  1  map,  2.3  plates  of  fossils,  22 
plates  of  views ;  and  2  separate  maps. 

Second  Geological  Survey  of  Pennsylvania.  Report  of  the  State 
Geologist  to  the  Governor  for  1874.     8vo.,  A.,  xvii  pp. 

Report  of  the  Board  of  Commissioners  of  the  Second  Geological 
Survey  of  Pennsylvania  for  1875.     8vo.,  11  pp. 

Report  of  the  Board  of  Commissioners  of  the  Second  Geological 
Survey  of  Pennsylvania  for  1876.     8vo.,  10  pp.,  and  map. 

Report  of  the  Board  of  Commissioners  of  the  Second  Geological 
Survey  of  Pennsylvania  for  1878.     8vo.,  4  pp.,  and  map. 

Second  Geological  Survey  of  Pennsylvania,  1874-5-6.  Historical 
Sketch  of  Geological  Explorations  in  Pennsylvania  and  other 
States;  by  J.  P.  Lesley;  with  an  appendix,  containing  the  an- 
nual reports  of  the  State  Geologist  to  the  Board  of  Commis- 
sioners.    Harrisburg,  1876.     Svo.,  200,  and  xxvi  pj). 

Second  Geologicial  Survey  of  Pennsylvania,  1874.  Preliminarv 
Report  on  the  Mineralogy  of  Pennsylvania;  by  F.  A.  Genth. 
With  an  appendix  on  the  Hydrocarbon  Compounds;  by  Sam- 
uel P.  Sadtler.  Harrisburg,  1875.  8vo.,  v,  and  206  pp.,  and 
map. 

Second  Geological  Survey  of  Pennsylvania,  1875.  Second  Prelim- 
inary Report  on  the .  Mineralogy  of  Pennsylvania;  by  F.  A. 
Genth  ;  with  analyses  of  Mineral  Spring  ^\''aters.  Harrisburg, 
1876.     8vo.,  ii  and  32  pp. 

Second  Geological  Survey  of  Pennsylvania,  1874.  Report  of  Prog- 
ress in  the  District  of  York  and  Adams  Counties,  illustrated  bv 
maps  and  cross-sections,  showing  the  Iron-ore  Belts  and  individ- 
ual Mines  ;  with  Descriptions  of  the  same,  notes  of  a  transit  line 
to  establish  altitudes,  and  a  Catalogue  of  Specimens  collected 
and  placed  in  the  Museum  at  Harrisburg;  by  Persifor  Frazer, 
Jr.  Harrisburg,  1876.  8vo.,  viii  and  198  pp.,  5  sections,  3 
maps,  and  3  plates. 

Second  Geological  Survey  of  Pennsylvania,  1875.  Report  of  Prog- 
ress in  the  Counties  of  York,  Adams,  Cumberland,  and  Frank- 
lin. Illustrated  by  3  maps  and  9  cross-sections,  showing  the 
Magnetic  and  Micaceous  Ore  Belt  near  the  western  edge  of  the 
Mesozoic  Sandstone,  and  the  two  Azoic  Svstems  constituting;  the 
Ma.ss  of  the  South  Mountains.    With  a  preliminary  Discussion  of 
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the  Dillsburg  Ore  Bed  and  a  Catalogue  of  Specimens  collected  in 
1875;  by  Persifor  Frazer,  Jr.  Harrisbnrg,  1877.  8vo.,  201,  400 
pp.,  with  3  plates. 

Second  Geological  Survey  of  Pennsylvania,  1874.  Report  of  Prog- 
ress on  the  Brown  Hematite  Ore  Ranges  of  Lehigh  County  ; 
with  a  Description  of  the  Mines  lying  between  Emaus,  Alburtis, 
and  Fogelsville;  by  Frederick  Prime,  Jr.  Harrisburg,  1875. 
Svo.,  ix  and  73  pp.,  and  a  map. 

Second  Geological  Survey  of  Pennsylvania.  Report  of  Progress, 
1875-6.  The  Brown  Hematite  Deposits  of  the  Siluro-Cambrian 
Limestones  of  Lehigh  County,  lying  between  Shimersville,  Mil- 
lerstown,  Sehnecksville,  Ballietsville,  and  the  Lehigh  River ;  by 
Frederick  Prime,  Jr.,  Assistant  Geologist.  Harrisburg,  1878. 
8vo.,  xi  and  99  pp.,  5  map-sheets,  and  5  plates. 

Second  Geological  Survey  of  Pennsylvania,  1875.  Special  Report 
on  the  Trap  Dykes  and  Azoic  Rocks  of  Southeastern  Pennsyl- 
vania; by  T.  Sterry  Hunt.  Part  I.  Historical  Introduction. 
Harrisburg,  1878.     8vo.,  xxi  and  253  pp.,  and  ma]). 

Second  Geological  Survey  of  Pennsylvania,  1874-75.  Report  of 
Progress  in  the  Juniata  District  on  the  Fossil  Iron-Ore  Beds  of 
Middle  Pennsylvania  ;  by  John  H.  Dewees.  With  a  Report  of 
the  Aughwick  Valley  and  East  Broad  Top  District;  by  C.  A. 
Ashburner.  Harrisburg,  1878.  8vo.,  xlix  and  305  pp.,  19  sec- 
tions and  7  maps. 

Second  Geological  Survey  of  Pennsylvania,  1874-78.  Report  of 
Progress  in  Bradford  and  Tioga  Counties.  1.  Limits  of  the 
Catskill  and  Chemung  Formations;  by  Andrew  Sherwood.  2. 
Description  of  the  Barclay,  Blossburg,  Fall  Brook,  Arnot,  An- 
trim, and  Gaines  Coal-Fields,  and  at  the  Forks  of  Pine  Creek,  in 
Potter  County;  by  Franklin  Piatt.  3.  On  the  Coking  of  Bi- 
tuminous Coal;  by  John  Fulton.  Harrisburg,  1878.  8vo.,  xii 
and  271  pp.,  3  plates,  and  2  maps. 

Second  Geological  Survey  of  Pennsylvania,  1874.  Report  of  Prog- 
ress in  the  Clearfield  and  Jefferson  District  of  the  Bituminous 
Coal-Fields  of  Western  Pennsylvania  ;  by  Franklin  Piatt.  Illus- 
trated with  139  woodcuts,  and  10  maps  and  sections.  Harrisburg, 
1875.    8vo.,  viii  and  296  pp. 

Second  Geological  Survey  of  Peimsylvania,  1875.  Report  of  Prog- 
ress in  the  Cambria  and  Somerset  District  of  the  Bituminous 
Coal-Fields  of  Western   Pennsylvania ;  by  F.  and  W.  G.  Piatt. 


A    CATALOGUE    OF    OFFICIAL    REPOKTS,    ETC.  497 

Illiistrated  witli  84  woodcuts  and  4  maps  and  section^.      Part  I, 
Cambria.    Harrisburg,  1877.     8vo.,  xxx  and  194  pp.     ^^ 

Second  Geological  Survey  of  Pennsylvania,  1876.  Report  of  Pi'og- 
ress  in  the  Cambria  and  Somerset  District  of  tlie  Bituminous  Coal- 
Fields  of  Western  Pennsylvania;  by  F.  and  W.  G.  Piatt.  Illus- 
trated with  110  woodcuts  and  6  maps  aiid  sections.  Part  II, 
Somerset.    Harrisburg,  1877.     8vo.,  xxxiv  and  348  pp. 

Second  Geological  Survey  of  Pennsylvania,  1877.  Report  of  Prog- 
ress in  Indiana  County;  by  W.  G.  Piatt.  Harrisburg,  1878. 
8vo.,  XX vi  and  316  pp.,  plate  and  map. 

Second  Geological  Survey  of  Pennsylvania,  1874.  Report  of  Prog- 
ress in  the  Venango  County  District;  by  Joh'.i  F,  Carll.  Obser- 
vations on  the  Geology  around  Warren;  by  F.  A.  Randall. 
Xote  on  the  Comparative  Geology  of  Northeastern  Ohio  and 
Northwestern  Pennsylvania,  and  Western  New  York  ;  by  J.  P. 
Lesley.     Harrisburg,  1875.     8vo.,  127  jip.,  2  maps  and  section. 

Second  Geological  Survey  of  Pennsylvania,  1876-7.  Report  of 
Progress,  II.  Oil  Well  Records  and  Levels;  by  John  F.  Carll. 
Published  in  advance  of  Progress,  III.  Harrisburg,  1877.  8vo., 
xiv,  and  398  pp.  and  map. 

Second  Geological  Survey  of  Pennsylvania,  1874.  Special  Re^Jort 
on  the  Petroleum  of  Pennsylvania,  its  production,  transportation, 
manufacture  and  statistics ;  by  Henry  E.  Wrigley,  with  5  maps  and 
illustrations.  To  which  are  added  a  map  and  profile  of  a  line  of 
levels  through  Butler,  Armstrong,  and  Clarion  Counties;  by  D. 
Jones  Lucas.     Harrisburg,  1875.    8vo.,  viii,  and  122  pp. 

Second  Geological  Survey  of  Pennsylvania,  1875.  Report  of  Prog- 
ress in  the  Greene  and  Washington  District,  of  the  Bituminous 
Coal- Fields  of  Western  Pennsylvania;  by  J.  J.  Stevenson.  Il- 
lustrated with  3  sections  and  2  county  maps,  showing  the  calcu- 
lated local  depths  of  the  Pittsburgh  and  Waynesburg  Coal  Beds 
beneath  the  surface.     Harrisburg,  1876.     8vo.,  x,  and  419  pp. 

Second  Geological  Survey  of  Pennsylvania,  1876.  Report  of  Prog- 
ress in  the  Fayette  and  Westmoreland  District  of  the  Bituminous 
Coal-Fields  of  Western  Pennsylvania ;  by  J.  J.  Stevenson.  Part 
I.,  Eastern  Allegheny  County,  and  Fayette  and  Westmoreland 
Counties,  west  from  Chestnut  Ridge.  Illustrated  with  50  wood- 
cuts and  3  county  maps,  colored.  Harrisburg,  1877.  8vo,,  viii, 
and  437  pp. 

Second  Geological  Survey  of  Pennsylvania,  1877.     Report  of  Prog- 
ress in  the  Fayette  and  Westmoreland  District  of  the  Bituminous 
VOL.  VII. — 32 
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Coal-Fields  of  Western  Pennsylvania ;  by  J.  J.  Stevenson.  Part 
II,  Tlie  Ligonier  Valley.  Harrisburg,  1878.  8vo.,  x,  and  331 
pp.,  2  plates  and  3  maps. 

Second  Geological  Survey  of  Pennsylvania,  1875.  Special  Report 
on  the  Coke  Manufacture  of  the  Youghiogheny  River  Valley, 
in  Fayette  and  Westmoreland  Counties.  With  Geological  Notes 
of  the  Coal  and  Iron-Ore  beds,  from  surveys  by  Charles  A.Young; 
by  Franklin  Piatt.  To  which  are  appended :  I.  A  Report  on 
Methods  of  Coking ;  by  John  Fulton.  II,  A  Report  on  the  use 
of  Natural  Gas  in  the  Iron  Manufacture;  by  John  B.  Pearse  and 
Franklin  Piatt.  Harrisburg,  1876.  8vo.,  252  pp.,  2  maps,  and 
15  plates. 

Second  Geological  Survey  of  Pennsylvania,  1874-5.  Report  of 
Progress  in  the  Laboratory  of  the  Survey  at  Harrisburg;  by 
Andrew  S.  McCreath.     Harrisburg,  1875.     8vo.,  105  pp. 

Second  Geological  Survey  of  Pennsylvania,  1875-6-7.  Report  of 
Progress  N.  Two  Hundred  Tables  of  Elevation  above  Tide-level, 
of  the  railroad  stations,  summits,  and  tunnels  ;  canal  locks  and 
dams,  river  ripples,  etc.,  in  and  around  Pennsylvania  ;  by  Charles 
Allen.     Harrisburg,  1878.     8vo.,  xxiv,  and  279  pp.,  and  2  maps. 

Second  Geological  Survey  of  Pennsylvania,  1874-5-6-7.  Catalogue 
of  the  Geological  Museum ;  by  Charles  E.  Hall.  Part  I,  Col- 
lections of  Rock  Specimens,  Nos.  1  to  4264.  Harrisburg,  1878. 
8vo.,  217  pp.,  and  map. 

Geological  Survey  of  Pennsylvania,  1875.  Report  of  Progress  in 
the  Beaver  River  District  of  the  Bituminous  Coal-Fields  of  West- 
ern Pennsylvania;  by  I.  C.  White.  Harrisburg,  1878.  8vo., 
li,  and  337  pp.,  21  plates  and  4  maps. 

Rhode  Island. 

Report  on  the  Geological  and  Agricultural  Survey  of  Rhode  Island  ; 
by  Charles  T.  Jackson.  Providence,  1840.  Svo.,  312  pp.,  map 
and  section. 

State  of  Rhode  Island,  etc.,  Memorial  of  Prof.  Ridgeway,  Geologist 
and  Mining  Engineer,  in  relation  to  the  Coal  Field  of  Rhode 
Island.  Presented  to  the  General  Assembly  at  its  January  Ses- 
sion, 1868.     Providence,  1867.     8vo.,  9  pp. 

[Reprinted,  1870.     8vo.,  12  pp.] 

Report  of  a  Commission  to  prepare  a  Plan  for  a  thorough  Geological 
and  Scientific  Survey  of  the  State.     Presented  to  the  General 
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Assembly  at  its  January  Session,  A.D.  187G.     Providence,  1876. 
8vo.,  13  pp. 

Rocky  Mountain  Region. 

Message  from  the  President  of  the  United  States  communicating 
Discoveries  made  in  exploring  the  Missouri,  Red  River,  and 
Washita ;  by  Captains  Lewis  and  Clark,  Dr.  Sibley  and  Mr. 
Dunbar,  with  a  Statistical  Account  of  the  country  adjacent. 
Washington,  1806.     8vo.,  178  pp.,  and  folding  title. 

History  of  the  Expedition  under  the  Command  of  Captains  Lewis 
and  Clark  to  the  Sources  of  the  Missouri,  thence  across  the  Rocky 
Mountains  and  down  the  River  Columbia.  Performed  during 
the  years  1801-5-6.  Philadelphia,  1814.  8vo.,  Vol.  I,  xxviii 
and  470  pp.,  maps.     Vol.  II,  ix  and  522  pp.,  maps. 

Account  of  an  Expedition  from  Pittsburgh  to  the  Rocky  Mountains. 
Performed  in  the  years  1819-20,  under  the  Command  of  Maj. 
Stephen  H.  Long;  compiled  by  Edward  James.  Philadelphia, 
1823.  8vo.,  Vol.  I,  5  and  503  pp;  Vol.  11,  442  and  xcviii  pp., 
and  atlas  of  11  sheets. 

*[Reprinted  in  London,  8vo.,  3  vols.,  in  1823.] 

Narrative  of  an  Expedition  to  the  Sources  of  St.  Peter's  River,  Lake 
Winnipeck,  Lake  of  the  Woods,  etc.,  under  the  Command  of 
Stephen  H.  Long,  Maj.  U.  S.  A. ;  by  William  H.  Keating. 
Philadelphia,  1824.  Vol.  I,  xii  and  439  pp.  Vol.  II,  vi  and 
459  pp.     With  15  plates  and  map  in  the  two  volumes. 

[Reprinted,  London,  1825.     2  vols.] 

Report  intended  to  illustrate  a  Map  of  the  Hydrographical  Basin  of 
the  Upper  Mississippi  River;  by  I.  X.  Xicollet.  Washington, 
1843.     8  vo.,  170  pp. 

XXVIIth  Congress,  3d  Session.  Senate  Ex.  Doc.  Xo.  243.  An 
Exploration  of  the  country  lying  between  the  Missouri  River  and 
the  Rocky  Mountains,  on  the  Line  of  the  Kansas  and  Great  Platte 
Rivers;  by  J.  C.  Fremont.  Washington,  1843.  8vo.,  —  pp., 
and  map. 

Report  of  the  Exploring  Expedition  to  the  Rocky  Mountains  in 
1842,  and  to  Oregon  and  Xorth  California  in  the  years  1843-44 ; 
by  Capt.  J.  C.  Fremont,  U.S.  A.  Washington,  1845.  8vo.,  693 
pp.,  24  plates  and  3  maps. 

Xotes  of  a  Military  Reconnoissance  from  Fort  Leavenworth  in  Mis- 
souri, to  San  Diego  in  California,  including  parts  of  the  Arkansas, 
Del  Xorte,  and  Gila  Rivers;    by  Maj.  W.  H.  Emory,  U.  S.  A. 
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Made  in  1846-7.     Washington,  1848.     8vo.,  416  pp.,  41  plates 
and  map. 

Report  of  the  Secretary  of  War  communicating,  in  answer  to  a 
Resolution  of  tlie  Senate,  a  Report  and  Map  of  the  Examination 
of  New  Mexico,  made  by  Lieut.  J.  W.  Abert,  U.  S.  A.  Wash- 
ington, 1848.     8vo.,  132  pp.,  24  plates  and  map. 

Report  of  Lieut.-Col.  P.  St.  George  Cooke,  of  his  March  from 
Santa  Fe,  Xew  Mexico,  to  San  Diego,  Upper  California.  Wash- 
ington, 1848.     8vo.,  13  pp.,  and  map. 

Journal  of  Captain  A.  R.  Johnson,  U.  S.  A.  [Expedition  from 
Santa  F6  to  San  Diego.]     Washington,  1848.     Svo.,  48  pp. 

[The  last  four  are  often  found  bound  in  one  volume.] 

Memoir  of  a  Tour  to  Northern  Mexico,  connected  with  Col.  Doni- 
phan's Expedition  in  1846-47  ;  by  A.  Wislizenus.  Washington, 
1848.     8vo.,  141  pp.,  section  and  2  maps. 

XXXIst  Congress,  1st  Session.  Senate  Ex.  Doc.  No.  64.  Reports 
of  the  Secretary  of  War,  with  Reconnoissances  of  Routes,  from 
San  Antonio  to  El  Paso,  by  Lieut.-Col.  J.  E.  Johnston,  Lieuts. 
W.  F.  Smith,  F.  T.  Bryan,  N.  H.  Michler,  and  Captain  S.  G. 
French,  U.  S.  A.  Also,  the  Report  of  Capt.  R.  B.  Marcy's 
Route  from  Fort  Smith  to  Santa  Fo,  and  the  Report  of  Lieut.  J. 
PI.  Simpson, U.  S.  A.,  of  an  Expedition  into  the  Navajo  Country, 
and  the  Report  of  Lieut.  W.  H.  C.  Whiting's  Recounoissance  of 
the  Western  Frontier  of  Texas.  Washington,  1850.  8vo.,  250  pp., 
2  maps  and  75  plates. 
[Several  of  these  Reports  were  printed  separately.] 

XXXIst  Congress,  1st  Session.  Senate  Ex.  Doc.  No.  12.  Report 
of  the  Secretary  of  War  communicating  the  Report  and  Map  of 
Route  from  Fort  Smith,  Arkansas,  to  Santa  Fe,  New  Mexico ; 
made  by  Lieut.  Simpson.  Washington,  1850.  8vo.,  25  pp.,  and 
4  maps. 

Exploration  and  Survey  of  the  Valley  of  the  Great  Salt  Lake  of 
Utah,  including  a  Recounoissance  of  a  New  Route  through  the 
Rocky  Mountains  ;  by  Capt.  Howard  Stansbury,  U.  S.  A.  Wash- 
ington, 1853.     8vo.,  495  pp.,  58  plates  and  atlas  of  2  maps. 

Report  of  an  Expedition  down  the  Zuni  and  Colorado  Rivers ;  by 
Capt.  L.  Sitgreaves,  U.  S.  A.  Washington,  1854.  8vo.,  198  pp., 
79  plates  and  map. 

*Explorations  in  the  Dakota  Country  in  the  year  1853  ;  by  Lieut.  G. 
K.  Warren.     Washington,  1855.     8vo.,  79  pp.,  and  maps. 

XXXIVth  Congress,  1st  Session.     Senate  Ex.  Doc.  No.  76.     Ex- 
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plorntions  in  the  Dakota  Country  in  the  year  1855;  by  Lieut. 
G.  K.  Warren.  Washington,  1856.  8vo.,  79  and  6  pp.,  plates, 
and  3  maps. 

*Captain  Wallen's  Wagon  Road  Report. 

Report  on  the  United  States  and  Mexican  Boundary  Survey;  by 
Maj.  William  H.  Emory,  U.S.A.  Vol.1.  Washington,  1857. 
4to.,  xvi,  258,  xviii,  and  174  pp.,  77  plates,  section  and  map. 

Report  on  the  United  States  and  Mexican  Boundary  Survey ;  by 
Maj.  William  H.  Emory,  U.  S.  A.  Vol.11.  Washington/l859. 
4to.,  270,  78,  62,  32,  35,  84,  ii  pp.,  and  272  plates. 

XXXIVth  Congress,  Senate  Ex.  Doc,  No.  60.  Report  of  an  Ex- 
pedition to  the  Sources  of  the  Brazos  and  Big  Wichita  Rivers, 
during  the  Summer  of  1854;  by  Capt.  R.  B.  Marcy,  U.  S.  A. 
Washington,  1856.     8vo.,  48  pp.,  and  map. 

XXXIVth  Congress,  1st  Session.  Ex.  Doc,  H.  R.,  No.  129.  Re- 
port of  the  Secretary  of  War  communicating  the  several  Pacific 
Railroad  Ex{)lorations.  Washington,  1855.  8vo.  Vol.  I,  42, 
117,  4,  xii,  599,  xv,  pp. 

Vol.  II,  149,  136,  154,  vi,  ii,  324  pp. 

*Vol.  III. 

Vol.  IV,  14  maps. 

Preliminary  Report  of  Explorations  in  Nebraska  and  Dakota  in  the 
years  1855-56-57;  by  Lieut.  G.  K.  Warren,  U.  S.  A.  Wash- 
ington, 1858.  8vo.,  131  pp.,  and  map.  [Reprinted,  Washington, 
1875.     8vo.,  125  pp.,  and  map.] 

XXXIVth  Congress.  H.  of  R.  Doc.  No.  129.  Report  of  the 
Secretary  of  War  on  the  several  Pacific  Railroad  Explorations. 
Washington,  1855.     8vo.,  43  p.p. 

Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practi- 
cable and  Economical  Route  for  a  Railroad  from  the  Mississippi 
River  to  the  Pacific  Ocean,  made  in  1853-4.  Vol.  I.  Wash- 
ington, 1855.     4to.,  viii,  and  651  pp. 

Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practi- 
cable and  Economical  Route  for  a  Railroad,  from  the  Mississippi 
River  to  the  Pacific  Ocean,  made  in  1853-55.  Supplement  to 
Vol.  I.  Washington,  1859.  4to.,  333,  viii,  72,  399,  and  28  pp., 
and  123  plates.  [Also  published  under  the  title:  Supplementary 
Report  of  Explorations  for  a  Route  for  the  Pacific  Railroad  near 
the  47th  and  49th  Parallels  of  North  I^atitude,  from  St.  Paul  to 
Puget's  Sound  ;  by  I.  I.  Stevens.] 

Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practi- 


502  A    CATALOGUE    OF    OFFICIAL    REPORTS,    ETC. 

cable  and  Economical  Route  for  a  Railroad  from  the  Mississippi 
River  to  the  Pacific  Ocean,  made  in  1853-4.  Vol.  II,  Wash- 
ington, 1855.  4to.,  128,  132,  45,  iv,  185,  50,  28,  and  22  pp.,  37 
plates  and  map. 

Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practi- 
cable and  Economical  Route  for  a  Railroad  from  the  Mississippi 
River  to  the  Pacific  Ocean,  made  in  1853-4.  Vol.  Ill,  Wash- 
ington, 1856.  4to.,36,  X,  36,  77, 127,  vii,  175  pp.,  30  plates,  sec- 
tion and  2  maps. 

Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practi- 
cable and  Economical  Route  for  a  Railroad  from  the  Mississippi 
River  to  the  Pacific  Ocean,  made  in  1853-4.  Vol.  IV.  Wash- 
ington, 1856.     4to.,  vii,  193, 17,  288,  iv,  pp.,  and  59  plates. 

Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practi- 
cable and  Economical  Route  for  a  Railroad  from  the  Mississippi 
River  to  the  Pacific  Ocean,  made  in  1853-4.  Vol.  V.  Wash- 
ington, 1856.  4to.,  43,  xvi,  370,  xiii,  15, 14,  pp.,  65  plates,  5  sec- 
tions and  3  maps. 

Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practic- 
able and  Economical  Route  for  a  Railroad  from  the  Mississippi 
River  to  the  Pacific  Ocean,  made  in  1854-5.  Vol.  VI.  Wash- 
ington, 1857.     4to.,  134,  85,  102,  114,  iv,  64  pp.,  and  50  plates. 

[The  Geological  Portion  reprinted  under  the  title  "Reports  on  the 
Geology,  Botany,  and  Zoologyof  Northern  California  and  Oregon;" 
made  to  the  War  Department,  by  John  S.  Newberry.  Washing- 
ton, 1857.     4to.,  300  pp.,  48  plates.] 

Reports  of  Explorations  and  Surveysto  ascertain  the  most  Practicable 
and  Economical  Route  for  a  Railroad  from  the  Mississippi  River 
to  the  Pacific  Ocean,   made  in  1853-6.    Vol.  VII.     Washington, 

1857.  4to.,  22,  42,  204,  28,  116,  37  pp.,  39  plates  and  map. 
Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practicable 

and  Economical  Route  for  a  Railroad  from  the  Mississippi  River 
to  the  Pacific  Ocean,  made  in  1853-6.  Vol.  VIII.  Washing- 
ton, 1857.  4to.,  xlviii,  and  757  pp.,  and  43  plates. 
Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practicable 
and  Economical  Route  fi)r  a  Railroad  from  the  Mississippi  River 
to  the  Pacific  Ocean,  made  in  1853-6.     Vol.  IX.     Washington, 

1858.  4to.,  Ivi,  and  1005  pp. 

Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practicable 
and  Economical  Route  for  a  Railroad  from  the  Mississippi  River 
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to  the  Pacific  Ocean,  made  in  1853-6.  Vol.  X.  Washino-ton 
1859.     4t().,  16,  xiv,400,  27,  64,  liO,  97,  13  pp.,  and  121  plates. 

Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practicable 
and  Economical  Route  for  a  Railroad  from  the  Mississippi  River 
to  the  Pacific  Ocean,  made  in  1853-6.  Vol.  XI.  Washington, 
1855.    4to.,  120,  and  iv,  pp.,  17  plates  and  32  maps. 

Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Practicable 
and  Economical  Route  for  a  Railroad  from  the  Mississippi  River 
to  the  Pacific  Ocean,  made  in  1853-5.  Vol.  XII,  Part  I. 
Washington,  1860.     4to.,  358  and  41  pp.,  69  plates  and  3  maps. 

Reports  of  Explorations  and  Surveys  to  ascertain  the  most  Prac- 
ticable and  Economical  Route  for  a  Railroad  from  the  Mississippi 
River  to  the  Pacific  Ocean,  made  in  1853-5.  Vol.  XII,  Part 
II.     Washington,  1860.     4to.,  76,  viii,  399  pp.,  and  53  plates. 

*Colorado  Exploring  Expedition.  Preliminary  Report  of  Lieut.  J. 
C.  Ives,  U.  S.  A.     Washington,  1858.     8vo.,  12  pp. 

Report  upon  the  Colorado  River  of  the  West,  explored  in  1857-58  ; 
by  Lieut.  Joseph  C.  Ives,  U.  S.  A.  Washington,  1861.  4to.,  131 
14,  154,  30,  6,  32  pp.,  31  plates,  section,  and  2  maps. 

XXX Vth  Congress,  1st  Session.  Ex.  Doc,  No.  11.  Vol.  XL  Re- 
port of  Secretary  of  War  contains  F.  T.  Bryan's  Report  on  Road 
from  Fort  Riley  to  Bridger  Pass.  Washington,  1858.  8vo.,  pp. 
455  to  520. 

XXXVth  Congress,  2d  Session.  Senate  Ex.  Doc,  Xo.  40.  Report 
of  the  Secretary  of  War,  communicating,  in  compliance  with  a 
Resolution  of  the  Senate,  Capt.  Simpson's  Report  and  Map  of 
Wagon  Road  Routes  in  Utah  Territory.  Washington,  1859. 
8vo.,  84  pp.,  and  map. 

XXXVth  Congress,  2d  Session.  Ex.  Doc,  H.  of  R.  Vol.  II., 
Part  2.  Pp.  590-608  contains  Reports  of  Capt.  John  Pope,  U. 
S.  A.,  to  Capt.  A.  A.  Humphreys,  in  charge  of  the  Office  of  Ex- 
plorations and  Surveys,  on  "  Artesian  Wells  Experiments." 

XLIIId  Congress.  1st  Session.  House  of  Representatives,  Ex. 
Doc.  No.  240.  Geographical  and  Geological  Surveys  West  of  the 
Mississippi.  Message  from  the  President  of  the  U.  S.,  trans- 
mitting a  Report  from  the  Secretary  of  War  relative  to  Geograph- 
ical and  Geological  Surveys  West  of  the  Mississippi.  Washing- 
ton, 1874.     8vo.,  15  pp. 

XLIIId  Congress.  1st  Session.  House  of  Representatives,  Re- 
port, No.  612.  Report  on  the  Geographical  and  Geological 
Surveys  West  of  the  Mississippi.    Washington,  1874.    8vo.,  91  pp. 
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Engineer  Department,  U.  S.  Army.  Report  of  Explorations  across 
the  Great  Basin  of  the  Territory  of  Utah  for  a  Direct  Wagon 
Route  from  Camp  Eloyd  to  Genoa,  in  Carson  Valley,  in  1859, 
by  Capt.  J.  H.  Simpson.  Washington,  1876.  4to.,  518  pp.,  22 
plates,  section,  and  2  maps. 

Engineer  Department,  U.  S.  Army.  Report  of  the  Exploring  Ex- 
pedition from  Santa  Fe  to  the  Junction  of  the  Grand  and  Green 
Rivers,  in  1859,  under  command  of  Capt.  J.  N.  Macomb,  U.  S.  A. ; 
with  Geological  Report;  by  J.  S.  Newberry.  Washington,  1876. 
4to.,  152  pp.,  22  plates  and  map. 

Report  on  the  Exploration  of  the  Yellowstone  River  ;  by  Bvt.  Brig.- 
Gen.  W.  F.  Raynolds.    Washington,  1868.   8vo.,  174  pp.  and  map. 

Geological  Report  of  the  Exploration  of  the  Yellowstone  and  Mis- 
souri Rivers,  by  F.  V.  Hayden,  under  the  direction  of  Capt.  W. 
F.  Raynolds,  1859-60.  Washington,  1869.  8vo.,  ix,  174  pp. 
and  map. 

On  the  Geology  and  Xatural  History  of  the  Upper  Missouri ;  being 
the  substance  of  a  report  made  to  Lieut.  G.  K.  Warren,  U.  S.  A. ; 
by  F.  V.  Hayden.     Philadelphia,  1862.     4to.,  218  pp.  and  map. 

Report  on  the  Construction  of  a  Military  Road  from  Fort  Walla- 
Walla  to  Fort  Benton  ;  by  Capt.  John  Mullan,  U.  S.  A.  Wash- 
ington, 1863.     8vo.,  363  pp.,  7  plates  and  4  maps. 

XXXV Tilth  Congress,  1st  Session.  Senate.  North  Overland  Ex- 
pedition for  Protection  of  Emigrants,  from  St.  Cloud,  Minnesota, 
via  Forts  Abercrombie  and  Benton,  to  the  Rocky  Mountains, 
Idaho,  etc.,  1863  ;  by  Capt.  James  L.  Fisk,  U.  S.  A.  Accom- 
panied by  letter  of  the  Secretary  of  War.  Washington,  1864. 
8vo.,  38  pp. 

Smithsonian  Contributions  to  Knowledge.  Palaeontology  of  the 
Upper  r^Iissouri ;  a  report  upon  collections  made  principally  by 
the  Expeditions  under  Lieut.  G.  K.  Warren,  U.  S.  A.  in  1855-6. 
Invertebrates,  by  F.  B.  Meek  and  F.  V.  Hayden.  Part  I.  Wash- 
ington, 1865.     4to.,  ix,  and  135  pp.  and  5  plates. 

Report  of  a  Reconnoissance  of  the  Basin  of  the  Upper  Yellowstone, 
in  1871  ;  by  Capt.  J.  W.  Barlow  and  Capt.  D.  P.  Heap,  U.  S.  A. 
Washington,  1872.     8vo.,  43  pp.  and  map. 

Report  of  Clarence  King,  Geologist,  in  charge  of  the  Geological 
Exploration  of  the  40th  Parallel,  in  Annual  Report  of  the  Chief 
of  Engineers,  to  the  Secretary  of  War,  for  the  year  1871.  Pp. 
1027-29.     Appendix  Z.     Washington,  1871.     8vo. 

Report  of  Clarence  King,  Geologist,  in  charge  of  the  Geological 
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Exploration  of  the  40th  Parallel,  from  Sierra  Nevada  to  the 
Ea?;tern  Slope  of  the  Rocky  Mountains,  in  the  annual  Report  of 
the  Chief  of  Engineers,  to  the  Secretary  of  War,  for  1873.  Pp. 
1203-10.     Appendix  DD.     Washington,  1873.     8vo. 

Aimual  Report  of  Clarence  King,  Geologist,  for  the  fiscal  year 
ending  June  30th,  1874,  in  the  annual  Report  of  the  Ciiief  of 
Engineers,  to  the  Secretary  of  War,  for  1874.  Part  IT.  Pp.  477- 
480.     Appendix  EE.     Washington,  1874.     8vo. 

Annual  Report  of  Clarence  King,  Geologist,  for  the  fiscal  year 
ending  June  30th,  1875,  in  the  annual  Report  of  the  Chief  of 
Engineers,  to  the  Secretary  of  War,  for  1875.  Part  II.  Pp.  919, 
920.     Appendix  KK.     Washington,  1875.     8vo. 

Annual  Report  of  Clarence  King,  Geologist,  for  the  fiscal  year 
ending  June  30th,  1876,  in  the  annual  Report  of  the  Chief  of 
Engineers,  to  the  Secretary  of  War,  for  1876.  Part  III.  Pp. 
217-18.    Appendix  II.     Washington,  1876.     8vo. 

Annual  Report  of  Clarence  King,  Geologist,  for  the  fiscal  year 
ending  June  30th,  1877,  in  the  annual  Report  of  the  Chief  of 
Engineers,  to  the  Secretary  of  War,  for  1877.  Part  II.  Ap- 
pendix MM.     Pp.  1206.     Washington,  1877.     8vo. 

[These  Reports  are  also  issued  separately.] 

United  States  Geological  Exploration  of  the  40th  Parallel,  Clarence 
King,  Geologist-in-charge.  Vol.  I.  Systematic  Geology;  by 
Clarence  King,  U.  S.  Geologist.  Washington,  1878.  4to.,  x,  and 
803  pp.,  27  plates,  section,  12  maps  and  atlas  of  10  sheets. 

United  States  Geological  Exploration  of  the  40th  Parallel,  Clarence 
King,  Geologist-in-charge.  Vol.  II.  Descriptive  Geology  ;  by 
Arnold  Hague  and  S.  F.  Emmons.  Washington,  1877.  4to.,  x, 
and  890  pp.  and  26  plates. 

United  States  Geological  Exploration  of  the  40th  Parallel,  Clarence 
King,  Geologist-in-charge.  Vol.  III.  Mining  Industry,  by  James 
D.  Hague,  with  Geological  Contributions  by  Clarence  King. 
Washington,  1870.  4to.  xii,  and  647  pp.,  38  plates  and  Atlas 
of  14  sheets 

United  States  Geological  Exploration  of  the  40th  Parallel,  Clarence 
King,  Geologist-in-charge.  Vol.  IV.  Part  I.  Palaeontology, 
by  F.  B.  Meek.  Part  II.  Pahcontology,  by  James  Hall  and  R. 
P.  Whitfield.  Part  III.  Oi-nithology,  by  Robert  Ridgeway. 
Washington,  1877.     4to.,  669  pp.  and  24  plates. 

United  States  Geological  Exploration  of  the  40th  Parallel,  Clarence 
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King,  Geologist-in-charge.    Vol.  V.    Botany,  by  Sereno  Watson. 

Washington,  1871.     4to.,  liii,  and  525  pp.,  40  plates  and  map. 
United  States  Geological  Exploration  of  the  40th  Parallel,  Clarence 

King,  Geologist-in-charge.   Vol.  VI.  Microscopical  Petrography, 

by  Ferdinand  Zirkel.     Washington,  1876.     4to.,  xii,  and  297  pp. 

and  12  plates. 
Report  of  the  Commissioner  of  General   Land  Office  for  the  year 

1867.  Washington,  1867.  8vo.,  pp.  128-181,  contain  First 
Annual  Report  of  the  United  States  Geological  Survey  of  the 
Territories,  embracing  Nebraska ;  by  F.  V.  Hayden,  U.  S. 
Geologist. 

Report  of  the  Commissioner  of  General  Land  Office  for  the  year 

1868.  Washington,  1868.  8vo.,  pp.  220-255,  contain  "Report 
of  F.  V.  Hayden  on  the  Geography  of  the  Missouri  Valley." 

Preliminary  Field  Report  of  the  United  States  Geological  Survey 
of  Colorado  and  New  Mexico ;  by  F.  V.  Hayden,  U.  S.  Geolo- 
gist.   Washington,  1869.     8vo.,  155  pp. 

[The  last  three  Reports  are  reprinted  under  the  title  :  "  First,  Second, 
and  Third  Annual  Reports  of  the  United  States  Geological  Sur- 
veys of  the  Territories,  for  the  years  1867, 1868,  and  1869,  under 
the  Department  of  the  Interior."  Washington,  1873.  8vo., 
261  pp.] 

Preliminary  Report  of  the  United  States  Geological  Survey  of 
Wyoming  and  portions  of  contiguous  Territories;  being  a  Second 
Annual  Report  of  Progress  ;  by  F.  V.  Hayden,  U.  S.  Geologist. 
Washington,  1871.     8vo.,  511  pp. 

Preliminary  Report  of  the  United  States  Geological  Survey  of  Mon- 
tana and  portions  of  adjacent  Territories ;  being  a  Fifth  Annual 
Report  of  Progress;  by  F.  V.  Hayden,  U.  S.  Geologist.  Wash- 
ington, 1872.     8vo.,  vi,  and  538  pp.,  2  plates  and  5  maps. 

Supplement  to  the  Fifth  Annual  Report  of  the  United  States  Geo- 
logical Survey  of  the  Territories  for  1871.  F.  V.  Hayden,  U.  S. 
Geologist-in-charge.  Report  on  Fossil  Flora ;  by  Leo  Lesquereux. 
Washington,  1872.     8vo.,  22  pp. 

Sixth  Annual  Report  of  the  United  States  Geological  Survey  of  the 
Territories,  embracing  portions  of  Montana,  Idaho,  Wyoming, 
and  Utah  ;  being  a  Report  of  Progress  of  the  Explorations  for  the 
year  1872;  by  F.  V.  Hayden,  U.  S.  Geologist.  Washington, 
1873.     8vo,  xi  and  844  pp.,  3  diagrams,  12  plates  and  5  maps. 

Annual  Report  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories,  embracing  Colorado ;  being  a  Report  of 
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Progress  of  the  Exploration  for  tlie  year  1873;  by  F.  V.  Hayden, 
U.S.  Geologist.  Washington,  1874.  8vo.,  xii  and  718  pp.,  and 
120  plates,  sections  and  maps. 

Annual  Report  of  the  United  States  Geological  and  Geograjjliical 
Survey  of  the  Territories,  embracing  Colorado  and  parts  of  adjacent 
Territories;  being  a  Report  of  Progress  of  the  Exploration  for  the 
year  1874;  by  F.  V.  Hayden,  U.  S.  Geologist.  Washington,  1876. 
8vo.,  ix  and  515  pp.,  and  88  ])lates,  sections  and  maps. 

Ninth  Annual  Report  of  the  United  States  Geological  and  Geograph- 
ical Survey  of  the  Territories,  embracing  Colorado  and  parts  of 
adjacent  TeiTitorics  ;  being  a  Report  of  Progress  of  the  Explora- 
tion for  the  year  1875 ;  by  F.  Y.  Hayden,  U  S.  Geologist.  Wash- 
ington, 1877.  8vo.,  vii  and  827  pp.,  and  77  plates,  sections  and 
maps. 

Tenth  Annual  Report  of  the  United  States  Geological  and  Geograph- 
ical Survey  of  the  Territories,  embracing  Colorado  and  parts  of 
adjacent  Territories ;  being  a  Report  of  Progress  of  the  Explorations 
for  the  year  1876  ;  by  F.  V.  Hayden,  U.  S.  Geologist.  Washing- 
ton, 1878.      8vo.,  xxix  and  546  pp.,  79  plates  and  3  maps. 

Final  Report  of  the  United  States  Geological  Survey  of  Nebraska 
and  portions  of  the  adjacent  Territories  ;  by  F.  V.  Hayden,  U.  S. 
Geologist,    Washington,  1872.    8vo.,  264  pp.,  11  plates  and  map. 

Lists  of  Elevations  and  Distances  in  that  portion  of  the  United 
States  west  of  the  Mississippi  River  ;  by  Cyrus  Thomas,  Ass't, 
U.  S.  Geological  Survey.     Washington,  1872.     12rao.,  31  pp. 

Department  of  tlie  Interior.  U.  S.  Geological  Survey  of  the  Terri- 
tories, F.  V.  Hayden,  U.  S.  Geologist-in-charge.  Miscellaneous 
Publications,  No.  1.  List  of  Elevations  in  that  portion  of  the 
United  States  west  of  the  Mississippi  River  ;  by  Henry  Gannett, 
Assistant.     AVashington,  1873.     8vo.,  47  pp. 

[Same  title.     Third  Edition.     Washington,  1875.     8vo.,  72,  ii  pp.] 

[Same  title.  Fourth  Edition.  Washington,  1877.  8vo.,  x,  167  pp. 
and  map.] 

Department  of  the  Interior.  U.  S.  Geological  Survey  of  the  Territo- 
ries. F.  Y.  Hayden,  U.  S.  Gecdogist-in-charge.  Miscellaneous 
Publications,  No.  2.  Meteorological  Observations  during  the  year 
1872,  in  Utah,  Idaho,  and  Montana;  by  Henry  Gannett,  Assist- 
ant.    Washington,  1873.     8vo.,  120  pp. 

Department  of  the  Interior.     U.  S.  Geological  Survey  of  the  Terri- 

•tories.     F.  Y.  Hayden,  U.  S.  Geologist-in-charge.    Miscellaneous 

Publications,  No.  3.     Birds  of  the  Northwest,  a  Handbook  of 
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the  Ornithology  of  the  Region  drained  bv  the  Missouri  River  and 
its  Tributaries ;  by  Elliott  Coues,  Ass't  Surgeon,  U.  S.  A. 
Washington,  1874.  8vo.,  xi  and  791  pp. 
Department  of  the  Interior.  U.  S.  Geological  and  Geographical  Sur- 
vey of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in-charge. 
Miscellaneous  Publications,  No.  4.  Synopsis  of  the  Flora  of  Colo- 
rado ;  by  Thomas  C.  Porter  and  John  M.  Coulter.    Washington, 

1874.  8vo.,  180  pp. 

Department  of  the  Interior.  U.  S.  Geological  and  Geographical 
Survey  of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in- 
charge,  Miscellaneous  Publications,  No.  5.  Descriptive  Catalogue 
of  the  Photographs  of  the  United  States  Geological  Survey  of 
the  Territories,  for  the  years  1869  to  1873  inclusive.  W.  H. 
Jackson,  Photographer.     Washington,  1874.     8vo.,  83  pp. 

[Same  title,  "to   1875   inclusive."     Second  edition.     Washington, 

1875.  8vo.,  81  pj).,  14  plates.] 

Catalogue  of  the  Photographs  of  the  United  States  Geological  and 
Geographical  Survey  of  the  Territories  ;  by  W.  H.Jackson,  Pho- 
tographer.    Washington,  1875.     18mo.,  51  pp. 

Department  of  the  Interior.  U.  S.  Geological  and  Geographical  Sur- 
vey of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in-charge. 
Miscellaneous  Publications,  No.  6.  Meteorological  Observations 
made  during  the  year  1873  and  part  of  1874  in  Colorado  and  Mon- 
tana Territories ;  by  George  B.  Chittenden.  Washington,  1874. 
8vo.,  57  pp. 

Department  of  the  Interior.  U.  S.  Geological  and  Geographical 
Survey  of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in-charge. 
Miscellaneous  Publications,  No.  7.  Ethnography  and  Philology 
of  the  Hidatsa  Indians ;  by  Washington  Mathews.  Washington, 
1877.     8vo.,  vi  and  239  pp. 

Department  of  the  Interior.  U.  S.  Geological  and  Geographical 
Survey  of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist.  Mis- 
cellaneous Publication,  No.  8.  Fur-bearing  Animals:  a  Mono- 
graph of  North  American  Mustelidse ;  by  Elliott  Coues,  Ass't 
Surgeon,  U.  S.  A.  Washington,  1877.  8vo.,  xiv  and  346  pp., 
and  20  plates. 

Department  of  the  Interior.  U.  S.  Geological  Survey  of  the  Terri- 
tories, F.  V.  Hayden,  U.  S.  Geologist.  Miscellaneous  Publica- 
tions, No.  9.  Descriptive  Catalogue  of  Photographs  of  North 
American  Indians;  by  W.  H.  Jackson,  Photographer.  Wash- 
ington, 1877.     8vo.,  vi  and  124  pp. 


A    CATALOGUE    OF    OFFICIAL    RKPOIITS,    ETC.  509 

Department  of  the  Interior.  U.  S.  Geological  Sm-vey  of  the  Terri- 
tories. F.  V.  Ilaytlen,  U.  S.  Geologist.  Miscellaneous  Publica- 
tions, No.  10.  Bibliography  of  North  American  Invertebrate 
Palreontology,  being  a  Report  upon  the  Publications  that  have 
hitherto  been  made  upon  the  Invertebrate  Pakeontology  of  North 
America,  including  the  West  Indies  and  Greenland  ;  by  C.  A. 
White,  Palocontologist,  and  H.  Alleyne  Nicholson.  Washington, 
1878.     8vo.,  132  pj). 

Department  of  the  Interior.  U.  S.  Geological  Survey  of  the  Terri- 
tories. F.  V.  Hayden,  U.  S.  Geologist.  Miscellaneous  Publica- 
tions, No.  11.  Birds  of  the  Colorado  Valley  :  A  Repository  of 
ScientiKc  and  Popular  Information  concerning  North  American 
Ornithology.  By  Elliott  Cones.  Part  I,  Passeres  to  Laniidte. 
Washington,  1878.     8vo.,  xvi,  807  pp. 

Department  of  the  Interior.  U.  S.  Geological  Survey  of  the  Terri- 
tories. F.  V.  Hayden,  U.  S.  Geologist-in-charge.  Synopsis  of 
new  Vertebrata  from  the  Tertiary  of  Colorado,  obtained  during 
the  summer  of  1873;  by  E.  D.  Cope.  Washington,  1873.  8vo  , 
19  pp.  • 

Department  of  the  Interior.  Catalogue  of  the  Publications  of  the 
United  States  Geological  Survey  of  the  Territories.  F.  V.  Hay- 
den, Geologist-in-charge.     Washington,  1874,     8vo.,  20  pp. 

[Same  title.  Second  edition,  revised  to  December  31st,  1876. 
Washington,  1877.     8vo.,  38  pp.] 

[Same  title.  Third  edition,  revised  to  December  31st,  1878. 
Washington,  1879.     8vo.,  54  pp.] 

Department  of  the  Interior.  U.  S.  Geological  and  Geographical 
Survey  of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist- 
in-charge.  The  Grotto  Gey.ser  of  the  Yellowstone  National  Park. 
Washington,  1876.  Folio,  3  pp.,  Albert-type  and  map.  [Only 
210  copies  issued,] 

Department  of  the  Interior.  Bulletin  of  the  United  States  Geolog- 
ical and  Geographical  Survey  of  the  Territories.  F.  V.  Hayden, 
U.  S.  Geologist-in-charge. 

I  Series,  No.  1,  Washington,  1874.  8vo.,       28  pp. 

"  "  2,  "  "  "  77  pp. 

II      "  "  1,  "  187').  "  47  pp.,  3  plate.s. 

"       "  "  2,  "  "  "  92  p]). 

"       "  "  3,  "  "  "  67  pp.,  4  plates  and  2  maps. 

"       "  "  4,  "  "  "  17  pp.,  and  10  plate.*. 

"       "  "  5,  "  1876.  "  182  pp.,  and  3  plates. 

"       "  "  (J,  "  "  "  83  and  xiii  pp.,  and  5  plates. 


510 


A    CATALOGUE    OF    OFFICIAL    REPORTS,    ETC. 


Vol. 


II.      No.   1,  Washington,  1870.     8vo. 


Vol.   IIL 


Vol.    IV. 


Vol.  V. 


1877. 


187i 


1879. 


87  pp.,  29  plates  and  map. 
106  pp.,  and  2  plates. 

81  pp.,  10  plates  and  map. 
114  and  xii  pp.,  and  14  plat( 
185  pp.,  and  26  plates. 
340  pp.,  and  2  plates. 
207  pp.,  11  plates  and  map. 
116  and  viii  pp. 
311  pp. 
231  pp. 
204  pp. 

162  and  vi  pp. 
152  pp 


Department  of  the  Interior.  U.  S.  Geological  Survey  of  the  Ter- 
ritories. F.  V.  Hayclen,  U.  S.  Geologist-in-charge.  Profiles, 
Sections,  and  other  Illustrations  designed  to  accompany  the  Final 
Report  of  the  Chief  Geologist  of  the  Survey,  and  sketched  under 
his  directions ;  by  Henry  AV.  Elliott.  New  York,  1872.  4to., 
65  plates.     [Only  100  copies  were  published.] 

Department  of  the  Interior.  Report  of  the  U.  S.  Geological  Survey 
of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in-charge. 
Vol.  I,  Part  I.  Contributions  to  the  Extinct  Vertebrate  Fauna  of 
the  Western  Territories;  by  Joseph  Leidy.  Washington,  1873. 
4to,  358  pp.  and  37  plates. 

Department  of  the  Interior.  Report  of  the  U.  S.  Geological  Survey 
of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in-charge. 
Vol.  II.  The  Vertebrata  of  the  Cretaceous  Formations  of  the 
West;  by  E.  D.  Cope.  Washington,  1875.  4to.,  iv  and  302  pp. 
and  57  plates. 

Department  of  the  Interior.  Report  of  the  U.  S.  Geological  Survey 
of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in-charge. 
Vol.  V,  Part  I.  Synopsis  of  the  Acrididae  of  North  America  ; 
by  Cyrus  Thomas.  Washington,  1873.  4to.,  x  and  262  pp.  and 
plate. 

Department  of  the  Interior.  Report  of  the  U.  S.  Geological  Survey 
of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in-charge. 
Vol.  VI.  Contributions  to  the  Fossil  Flora  of  the  AVestern 
Territories.  Part  I.  The  Cretaceous  Flora  ;  by  Leo  Le.squereux. 
Washington,  1874.     4to.,  136  pp.  and  30  plates. 

Department  of  the  Interior.  Report  of  the  U.  S.  Geological  Survey 
of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in-charge. 
Vol.  A^II.     Contributions  to  the  Fossil  Flora  of  the  AVestern 
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Territories.  Part  II.  The  Tertiary  Flora  ;  by  Leo  Lesquereux. 
"Washington,  1878.    4to.,  xvand  360  pp.  and  G5  plates. 

Department  of  the  Interior.  Report  of  the  U.  S.  Geological  Survey 
of  the  Territories.  F.  V.  Haydcn,  U.  S.  Geologist-in-charge. 
Vol.  IX.  A  Report  on  the  Invertebrate,  Cretaceous  and  Tertiary 
Fossils  of  the  Upper  Mis.souri  Country  ;  by  F.  B.  Meek.  Wash- 
ington, 1876.     4to.,  Ixiv  and  629  pp.,  and  45  plates. 

Department  of  the  Interior.  Report  of  the  U.  S.  Geological  Survey 
of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in-charge. 
Vol.  X.  A  Monograph  of  the  Geometrid  Moths  or  Phalsenidse 
of  the  United  States;  by  A.  S.  Packard,  Jr.  Washington,  1876. 
4to.,  iv,  and  607  pp.,  and  13  plates. 

Department  of  the  Interior.  Report  of  the  U.  S.  Geological  Survey 
of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in-charge. 
Vol.  XI.  Monographs  of  North  American  Rodentia  ;  by  Capt. 
Elliott  Coues,  U.  S.  A.,  and  Joel  Asaph  Allen.  Washington, 
1877.     4to.,  xii,  x,  1091  pp.,  and  6  plates. 

Department  of  the  Interior.  U.  S.  Geological  and  Geographical 
Survey  of  the  Territories.  F.  V.  Hayden,  U.  S.  Geologist-in- 
charge.  Illustrations  of  Cretaceous  and  Tertiary  Plants  of  the 
Western  Territories  of  the  United  States.  Washington,  1878. 
4to.,  28  pp.  and  26  plates. 

Department  of  the  Interior.  Preliminary  Report  of  the  Field-work 
of  the  U.  S.  Geological  and  Geograi)hical  Survey  of  the  Terri- 
tories for  the  season  1877.     Washington,  1877.    8vo.,  35  pp. 

Department  of  the  Interior.  Preliminary  Report  of  the  U.  S. 
Geological  and  Geographical  Survey  of  the  Territories  for  the 
season  of  1878  ;  by  F.  V.  Hayden.  Washington,  1878.  8vo., 
29  pp. 

Maps  of  the  United  States  Geological  Survey  of  the  Territories. 

Map  of  the  Lo\yer  Geyser  Basin  on  Firebole  River,  resurveyed  in 

1872. 
Map  of  the  Upper  Geyser  Basin  on  Firehole  River. 
Montana  and  Wyoming  Territories. 
Map  of  the  Sources  of  Snake  River. 
Field  Map  of  Colorado. 

Geological  Map  of  Montana  and  Wyoming  Territories. 
Geological  Map  of  the  Sources  of  Snake  River, 
Sketch  of  the  Primarv  Triangulation  of  1877. 
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Department  of  the  Interior.  U.  S.  Geological  and  Geographical 
Survey  of  the  Territories.  Geological  and  Geographical  Atlas 
of  Colorado  and  portions  of  the  adjacent  Territory ;  by  F.  V. 
Hayden,  U.  S.  Geologist-in-charge.  1878.  20  double-folio  atlas- 
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XLVth  Congress,  3d  Session.  H.  of  R's,  Mis.  Doc.  No.  5.  Surveys 
of  the  Territories.  Letter  from  the  acting  President  of  the 
National  Academy  of  Sciences  transmitting  a  Report  on  the  Sur- 
vey of  the  Territories.     Washington,  1878.     8vo.,  27  pp. 

XLYth  Congress,  3d  Session.  H.  of  R's,  Ex.  Doc.  No.  29.  Cost  of 
certain  Surveys.  Letter  from  the  Secretary  of  the  Treasury  trans- 
mitting a  Communication  from  the  Superintendent  of  the  Coast 
and  Geodetic  Survey  relative  to  the  Cost  of  certain  Classes  of  the 
AVork  of  the  Survey.     Washington,  1879.     8vo.,  4  pp. 

XLVth  Congress,  3d  Session.  Senate,  Ex.  Doc.  No.  21.  Letter 
from  the  Secretary  of  War  communicating  Information  in  rela- 
tion to  the  Surveys  in  the  Territories  west  of  the  Mississippi 
River.     Washington,  1879.     8vo.,  17  pp. 

Part  II,  6  pp. 

Report  on  the  Methods  of  Surveying  the  Public  Domain  to  the  Sec- 
retary of  the  Interior,  at  the  Request  of  the  National  Academy 
of  Sciences;  by  J.  W.  Powell,  1878.  Washington,  1878.  8vo., 
16  pp. 

XLYth  Congress,  3d  Session.  H.  of  R's,  Ex.  Doc.  No.  72.  Cost  of 
Geographical  Surveys.  Letter  from  the  Secretary  of  the  Interior 
relating  to  the  Cost  of  Geographical  Surveys.  Washington,  1879. 
8vo.,  6  pp. 

Reports  of  Inspection  made  in  the  Summer  of  1877  by  Generals 
P.  H.  Sheridan  and  W.  T.  Sherman  of  Country  north  of  the 
Union  Pacific  Railroad.  Washington,  1878.  8vo.,  110  pp.,  10 
maps  and  4  plates. 

South  Carolina. 

*L.  Vanuxem.    Report  on  Geology,  published  in  newspapers,  and 

most  of  it  in  Mills's  Statistics  of  South  Carolina.     1826.     8vo. 
Report  of  the  Commencement   and  Progress  of  the  Agricultural 
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Snrvev  of  South  Carolina  for  1843;  by  Edmund  Ruffin,  Agricul- 
tural Surveyor  of  the  State.  Columbia,  1843.  8vo.,  120  aud 
55  pp. 

Report  on  the  Geological  and  Agricultural  Survey  of  the  State  of 
South  Carolina  ;  by  M.  Tuoraey.  Columbia,  1844.  8vo.,  iv,  and 
63  pp. 

Report  on  the  Geology  of  South  Carolina;  by  M.  Tuomey.  Co- 
lumbia, 1848.     4to.,  vi,  293,  and  Ivi  pp.,  plate  and  2  maps. 

Report  on  the  Survey  of  South  Carolina :  being  the  first  annual 
report  to  the  General  Assembly ;  by  Oscar  M.  Lieber.  Columbia, 
1856.     8vo,  viii,  aud  136  pp.,  and  9  plates. 

Report  on  the  Survey  of  South  Carolina:  being  the  second  annual 
report  to  the  General  Assembly  ;  by  Oscar  M.  Lieber.    Columbia, 

1858.  8vo.,  viii,  and  145  pp.,  and  5  plates. 

Report  on  the  Survey  of  South  Carolina  :  being  the  third  annual 
report  to  the  General  Assembly  ;  by  Oscar  M.  Lieber.    Columbia, 

1859.  8vo.,  XV,  and  223  pp.  and  3  plates. 

Report  on  the  Survey  of  South  Carolina :  being  the  fourth  annual 
report  to  the  General  Assembly.  Columbia,  1860.  8vo.,  ix,  and 
194  pp.  and  4  plates.     [Oscar  M.  Lieber.] 

[The  last  four  reports  are  bound  in  one  volume,  with  the  title,  Re- 
ports on  the  Geognostic  Survey  of  South  Carolina;  by  Oscar 
Montgomery  Lieber,  State  Geologist  of  S.  C.  I,  II,  III,  IV. 
1856-1860.     Columbia,  I860.] 

Report  of  the  Superintendent  of  the  United  States  Coast  Survey  for 
1870.  Washington,  1873.  4to.  Contains,  pp.  182-189,  Report 
of  Professor  X.  S.  Siialer  on  the  Phosphate  Beds  of  South  Caro- 
lina. 

Tennessee. 

[Troost's  First  and  Second  Reports  were  not  published.] 

Third  Geological  Report  to  the  21st  General  Assembly  of  the  State  of 

Tennessee,  made  Oct.,  1835  ;    by   G.  Troost.     Nashville,  1835. 

12mo.,  32  pp.,  and  map. 
Fourth  Geological  Report  to  the  22d  General  Assembly  of  the  State 

of  Tennessee,  made  Oct.,  1837;  by  G.  Troost.     Nashville,  1837. 

12mo.,  37  pp.,  and  map. 
Fifth  Geological  Report  to  the  23d  General  Assembly  of  Tennessee, 

made  Nov.,  1839  ;  by  G.  Troost.    Nashville,  1840.    8vo.,  75  pp., 

and  2  maps. 
Sixth  Geological  Report  to  the  24th  General  Assembly  of  the  State 
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of  Tennessee,  made  Oct.,  1S41 ;  by  G.  Troost.     Nashville,  1841. 

8vo.,  48  pp.,  and  map. 
Seventh  Geological   Rei)ort  to  the  25th  General  Assembly  of  the 

State  of  Tennessee,  made  Nov.,  3  843  ;  by  G.  Troost.    Nashville 

1844.     8vo.,  45  pp.,  and  map. 
Eighth  Annnal  Report  to  the  2fith  General  Assembly  of  the  State 

of  Tennessee,  made  Nov.,  1845;  by  G.  Troost.     Nashville,  1845. 

12mo.,  40  p]). 
Ninth  Annual  Report  to  the  27th  General  Assembly  of  the  State  of 

Tennessee,   made  Nov.,  1847;    by  G.  Troost.     Nashville,  1848. 

r2mo.,  39  pp.,  and  2  plates. 
A  Geological   Reconnoissance  of  the  State  of  Tennessee,  being  the 

Author's   First  Biennial  Report,  presented  to  the  31st  General 

Assembly  of  Tennessee,  Dec,  1855;  by  James  M.  Saflfbrd,  State 

Geologist.     Nashville,  1856.     8vo.,  104  pp.,  and  map. 
Second  Biennial  Report,  presented  to  the  32d  General  Assembly  of 

Tennessee,  Nov.,  1857;  by  James  M.  Saflfbrd,  State  Geologist. 

Nashville,  1857.     8vo.,  11  pp. 
Geology    of    Tennessee;    by    James    M.    Saflford,    State   Geologist. 

Nashville,  1869.     8vo.,  xi,  and  550  pp.,  8  plates  and  map. 
Introduction  to  the  Resources  of  Tennessee;  by   J.  B.  Killebrew, 

assisted  by  James  M.  Saiford.     Nashville,  1874.     8vo.,  viii,  1193, 

and  xi  pp.     Contains  Geology,  ])p.  26-275. 

Texas. 

First  Report  of  Progress  of  the  Geological  and  Agricultural  Survey 
of  Texas;  by  B.  F.  Shu  niard.  State  Geologist.  Austin,  1859.  Svo,, 
17  pp. 

A  Preliminary  Report  of  the  Geological  and  Agricultural  Survey  of 
Texas  ;  by  S.  B.  Buckley.     Austin,  18(36.     8vo.,  81,4  and  ii  pp. 

First  Annual  Report  of  the  Geological  and  Agricultural  Survey  of 
Texas";  by  S.  B.  Buckley,  State  Geologist.  Houston,  1874. 
8vo.,  142  pp. 

Second  Annual  Report  of  the  Geological  and  Agricultural  Sur- 
vey of  Texas ;  by  S.  B.  Buckley,  State  Geologist.  Houston, 
1876.    8vo.,  96  pp. 

Vermont. 

Report  and  Correspondence  on   the  Subject   of  a  Geological   and 

Topographical  Survey  of  the  State  of  Vermont.     ,   1838. 

8vo.,  20  pp. 
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First  Annual  Report  on  the  Geology  of  the  State  of  Vermont;  by 
C.  B.  Adams,  State  Geologist.  Burlington,  1845.  8vo,,  92  pp., 
map  and  section. 

Second  Annual  Report  on  the  Geology  of  the  State  of  Vermont ;  by 
C.  B.  Adams,  State  Geologist.     Burlington,  1846.    8vo.,  267  pp. 

Third  Annual  Report  of  the  Geology  of  the  State  of  Vermont ;  by 
C.  B.  Adams,  State  Geologist.     Burlington,  1847.     8vo.,  32  pp. 

Fourth  Annual  Report  on  the  Geological  Survey  of  the  vState  of 
Vermont;  by  C.  B.  Adams,  State  Geologist.  Burlington,  1848. 
8vo.,  8  pp. 

Preliminary  Report  on  the  Natural  History  of  the  State  of  Ver- 
mont ;  by  Augustus  Young,  State  Naturalist.  Burlington,  1856. 
8vo.,  88  pp. 

Report  on  the  Geological  Survey  of  Vermont ;  by  Edward  Hitch- 
cock, State  Geologist.     Montpelier,  1857.     8vo.,  12  pp. 

Report  on  the  Geological  Survey  of  Vermont ;  by  Edward  Hitch- 
cock, State  Geologist.     Burlington,  1858.     8vo.,  13  pp. 

Preliminary  Report  on  the  Geology  of  Vermont ;  by  Edward 
Hitchcock,  State  Geologist.     Montpelier,  1859.     8vo.,  16  pp. 

Report  on  the  Geology  of  Vermont:  Descriptive,  Theoretical,  Eco- 
nomical and  Scenographical ;  by  Edward  Hitchcock,  Edward 
Hitchcock,  Jr.,  Albert  D.  Hager,  Charles  H.  Hitchcock.  In  two 
volumes.  Claremont,  1861.  4to.,  together  988  pp.,  38  plates, 
including  3  maps. 

The  First  Annual  Report  of  the  Vermont  State  Board  of  Agricul- 
ture, Manufactures,  and  Mining  for  the  year  1872.  Montpelier, 
1872.  8vo.  Contains,  pp.  713-721,  Report  of  the  State  Geolo- 
gist and  Curator  of  the  State  Cabinet.     [H.  A.  Cutting.] 

The  Second  Biennial  Report  of  the  State  Board  of  Agriculture,  etc. 
Montpelier,  1874.  8vo.  Contains,  pp.  759-782,  Report  of  the 
State  Geologist  and  Curator  of  the  State  Cabinet  for  the  years 
1873-74.     [H.  A.  Cutting.] 

The  Third  Biennial  Report  of  the  Vermont  State  Board  of  Agri- 
culture, etc.,  for  1875-76.  Rutland,  1876.  8vo.  Contains,  pp. 
661-686,  Report  of  the  State  Geologist  and  Curator  of  the  State 
Cabinet  for  1875-76.     [H;  A.  Cutting.] 

Virginia. 

Report  of  the  Geological  Reconnoissance  of  the  State  of  Virginia, 
made  under  the  appointment  of  the  Board  of  Public  Works ;  by 
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William  B.  Rogtrs.    Riclimond,  1836.     4to.,  52  pp.,  and  plate. 

[Republished,  Philadelphia,  1836.     Svo.,  143  i)p.,  and  plate.] 
Report  of  the   Progress  of  the  Geological' Survey  of  Virginia  for 

1836;  by  William  B.  Rogers.     Richmond,  1837.     4to.,  14  pp. 
Report  of  the  Progress  of  the  Geological  Survey  of  Virginia  for 

1837;  by  William  B.  Rogers.     Richmond,  1838.     4to.,  24  pp. 
[First  and  Second  Reports  of  the  Progress  of  the  Geological  Survey 

of  Virginia,  for  the  yeai-s  1836  and  1837.     Philadelphia,  1838. 

8vo.,  87  pp.] 
Report  of  the  Progress  of  the  Geological  Survey  of  the  State  of 

Virginia,  for  the  year  1838;  by  William  B.  Rogers.     Richmond, 

1839.  4to.,  32  pp. 

Report  of  the  Progress  of  the  Geological  Survey  of  the  State  of 
Virginia,  for  the  year  1839;  by  William  B.  Rogers.    Richmond, 

1840.  8vo.,  161  pp. 

Report  of  the  Progress  of  the  Geological  Survey  of  the  State  of 
Virginia,  for  the  year  1840;  by  William  B.Rogers.    Richmond, 

1841.  8vo.,  132  pp. 

Virginia:  a  Geographical  and  Political  Summary,  embracing  a  De- 
scription of  the  State,  its  Geology,  Soils,  Minerals,  Climate,  etc. 
Prepared  under  the  Supervision  of  the  Board  of  Immigration. 
Richmond,  1876.  8vo.,  iv,  319  pp.  and  4  maps.  [Jed.  Hotch- 
kiss.] 

West  Virginia. 

Third  Annual  Report  of  the  Board  of  Regents  of  West  Virginia 
University  for  the  year  1870.  Wheeling,  1871.  8vo.  Contains 
pp.  40-73,  "B."  Geological  Examination  of  Monongalia  County, 
West  Virginia,  by  J.  J.  Stevenson,  with  Lists  of  Fossils  and 
Descriptions  of  New  Species;  by  F.  B.  Meek. 

Resources  of  West  Virginia;  by  M.  F.  Maury  and  Wm.  M.  Fon- 
taine. Wheeling,  1876.  8vo.,  430  pp.  Contains  valuable  geo- 
logical information. 

Wisconsin. 

Report  of  a  Geological  Reconnoissance,  made  in  1835,  from  the  Seat 
of  Government  by  the  way  of  Green  Bay  and  the  Wisconsin  Ter- 
ritory to  the  Coteau  de  Prairie;  by  G.  W.  Featherstonhaugh, 
U.  S.  Geologist.  Washington,  1836.  12mo.,  168  pp.  and  4 
plates. 

First  Annual  Report  of  the  Geological  Survey  of  the  State  of  Wis- 
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cousin  ;    by  Edward  Daniels.     Madison,  1854.     8vo.,  84  pp.,  2 

sections. 
Annual  Report  on  the  Geological  Survey  of  the  State  of  Wisconsin ; 

by  James    G.    Percival.      Madison,   1855.     8vo.,   101    pp.,  and 

map. 
Annual  Report  of  the  Geological  Survey  of  the  State  of  Wisconsin  ; 

by  James  G.  Percival.     Madison,  1856.     8vo.,  Ill    pp.     [Also 

printed  in  German.] 
Annual  Report  of  the  Geological  Survey  of  the  State  of  Wisconsin, 

for  the  year  ending  Dec.  31st,  1857;  by  E.  Daniels.     Madison, 

1858.     r2rao.,  62  pp.  and  section. 
Report  of  the  Commissioners  of  the  Geological  Survey.     Madison, 

1858.     8vo.,  12  pp. 
*James  Hall.     Annual  Report  for  1859.     Madison,  1860. 
Report  of  the  Superintendent  of  the  Geological  Survey,  exhibiting 

the  Progress  of  the  work,  Jan.  1st,  1861 ;  by  James  Hall.   Madi- 
son, 1861.     8vo.,  52  pp. 
Report  on  the  Geological  Survey  of  the  State  of  Wisconsin.    Vol.  I ; 

by  James  Hall  and  J.  D.  Whitney.     Albany,  1862.     8vo.,  xix 

and  455  pp.,  10  plates  and  2  maps. 
State  of  Wisconsin.     Report  on  the  Geological  Survey  of  the  Lead 

Region  ;  by  John  Murrish,     n.  d.     8vo.,  65  pp. 
The  State  of  Wisconsin,  embracing  brief  Sketches  of  its  History, 

Position,  Resources,  Industries,  and  a  Catalogue  of  iHs  Exhibits 

at  the  Centennial,  at  Philadelphia,  1876.    Madison,  1876.     8vo., 

86  and  84  pp. 
Annual  Report  of  Progress  and  Results  of  the  Wisconsin  Geological 

Survey  for  the  year  1876  ;  by  T.  C.  Chamberlin,  Chief  Geologist. 

Madison,  1877.     8vo.,  40  pp. 
Annual  Report  of  the  Wisconsin  Geological  Survey  for  the  year  1877; 

by  T.  C.  Chamberlin,  Chief  Geologist.     Maclison,  1878.     8vo., 

94  pp.  and  plate. 
Geology  of  Wisconsin.     Survey  of  1873-1877.     Vol.  II,  Part  I, 

Historical.     Part  II,    Eastern    Wisconsin.      Part   III,    Central 

Wisconsin.     Part   IV,    Lead    Region.     Madison,    1877.     Roy. 

8vo.,  xix  and  768  pp  ,  37  plates  and  an  atlas  of  14  maps.     [T.  C. 

Chamberlin,  Director.] 
Annual  Report  of  the  Wisconsin  Geological   Survey  for  the  year 

1878  ;   by  T.  C.  Chamberlin,  Chief  Geologist.     Madison,  1879. 

8vo.,  51  pp. 
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Wisconsin  and  Iowa. 

Letter  of  the  Secretary  of  the  Trea.sury  communicating  a  Report  of 
a  Geological  Reconnoissance  of  the  Chippewa  Land  District  of 
AVisconsin  and  the  nortliern  part  of  Iowa;  by  David  Dale  Owen. 
"Washington,  1848.  8vo.,  134  pp.,  23  plates,  14  sections  and 
maps. 

Wisconsin,  Iowa,  and  Minnesota. 

Report  of  a  Geological  Survey  of  Wisconsin,  Iowa,  and  Minnesota, 
and  incidentally  of  a  portion  of  Nebraska  Territory  ;  by  David 
Dale  Owen,  U.  S.  Geologist.  Philadelphia,  1852.  4to.,  638  pp., 
27  plates,  16  sections  and  map. 
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Alaska,  catalogue  of  official  geological  reports,  456. 
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528  INDEX. 
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Bessemer  process  compared  with  open-hearth  process,  250  See  also  under  Steel 
Rails. 

Bessemer  steel,  welding  by  Wheeler  process,  79,  80,  169. 
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Production  compared  with  the  rest  of  Pennsylvania,  327. 

British  North  America,  catalogue  of  official  geological  reports,  457. 

Brown  hematite  mines  of  Northampton  County,  Pa  ,  shaft-surveying  in,  139. 

Bullion  Mine,  57.     See  Com.«tock  Mines. 

Butler  Mine  Fire  Cut-off  (Drinker),  159.  Location  of  mine,  origin  of  fire,  159. 
Construction  of  cut-off,  159,  16U.  Coal  in  place  not  affected,  while  overly- 
ing slate  was  calcined,  160. 

Cahaba,  Ala.,  coal  field,  excursion  to,  8. 

Caldera,  Chili,  copper-smelting  works,  445. 

California,  catalogue  of  official  geological  reports,  457. 

Calumet  and  Hecla  Mine  (Lake  Superior),  method  of  reducing  power  in  air- 
compressors,  345.     Power  to  drive  fly-wheels,  346. 

Canada,  catalogue  of  official  geological  reports,  460. 

Canon  City,  Colorado,  coal  fields,  22. 

Carbonates  of  the  alkalies,  effect  on  pig  iron  at  red  heat,  146. 

Carbon  duty  of  fuel  in  blast  furnaces,  36. 

Carbon  :  Determination  in  steel,  175.  Effect  on  steel,  194,  203-205,  378,  381,  384, 
405.     Removal  from  pig  iron  b}'  alkaline  carbonates,  146. 

Casting  ladle  for  venting  molten  steel,  13. 
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Catalogue  of  Official  Reports  upon  Geological  Surveys  of  the  United  States  and  Ter- 
ritories and  of  British  A^orth  America  (Prime),  455. 

Cediir  Point  Furnaces  at  Port  Henry,  visit  to,  115. 

Chabeaussiere's  method  for  charcoal  making,  158. 

Chalcedony  associated  with  chrysolite  in  the  Blue  Ridge,  North  Carolina,  85. 

Charcoal  :  Compared  with  anthracite  and  coke  as  a  blast  furnace  fuel,  33.  Best 
when  very  lightly  burned,  42.  Consumption  for  blast  furnaces  and  bloom- 
aries,  149.  Consumption  of  wood  per  ton  of  pig  iron,  150.  Destruction  of 
forest  for  charcoal  pig  iron,  150.  Production  in  kilns,  meilers,  and  retorts. 
151-158.  Prize  oflfered  by  Swedish  Government  for  best  handbook,  157. 
Utilization  of  by-products  of  charcoal-making,  152-158.  Variation  in 
the  bushel,  150 

Chatoyant  (corundum)  from  the  Jenks  Corundum  Mine,  Macon  County,  North 
Carolina,  89. 

Chattanooga  Iron  Works,  visit  to,  3. 

Chattanooga  Meeting,  Proceedings,  1,  Papers,  11. 

Cheever  ore  bed,  Port  Henry,  visit  to,  115 

Chemical  and  Physical  Properties  of  Steel  Rails  (Dudley),  172.  Report  to  Penn- 
sylvania Railroad  Company,  173.  Uniformity  of  the  Bessemer  process,  174. 
Determination  of  carbon,  phosphorus,  silicon,  and  manganese  in  steel  rails, 
method  of  analysis,  175.  Brands  of  steel  represented,  176.  Division  into 
rails  which  crushed  or  broke  in  service,  and  those  which  did  not,  176.  In- 
fluence of  carbon,  silicon,  phosphorus,  and  manganese  on  steel,  194.  Hard- 
eners, 195.  Phosphorus  units,  196.  Distribution  of  hardeners,  197  Physi- 
cal tests  and  inspection,  199.  Ordinary  tests,  199.  Thurston's  torsional 
testing  machine,  199,  201.  Conclusions,  200.  Formula  advised  for  rails  for 
Pennsylvania  Railroad,  201.     Discussion,  357. 

Chili,  copper  smelting  works  at  Caldera,  445.     Coal,  448. 

Chlorite  associated  with  chrysolite  in  Blue  Ridge  in  North  Carolina,  85,  86,  88. 
Of  secondary  origin,  85. 

Chollar  Potosi  3Iine,  45,  56.     See  Corastock  Mines. 

Chrysolite  in  dikes  or  beds  in  North  Carolina,  84,  86,  88.  Analyses,  85.  Re- 
sults of  decomposition,  86. 

Church,  J.  A.,  The  Mode  of  Combustion  in  the  Blast-furnace  Hearth,  33.  Heat 
of  the  Comstock  Mines,  45. 

Clark,  Ellis,  Jr.,  Shaft  Surveying  hi  the  Brovjn  Hematite  Minesof  Northampton 
County,  Pennsylvania,  139.     The  Great  Blast  at  Glendon,  266. 

Clark,  R.  Neilson,  The  Humboldt- Pocahontas  Vein,  Rosita,  Colorado,  21. 

Cloud,  J.  W.,  remarks  in  discussion  of  Dr.  Dudley's  papers  on  steel  rails,  401. 

Coal,  a  peculiar  variety  of  anthracite,  213. 

Coal  in  Chili,  448.     In  McKean  County,  Pennsylvania,  323. 

Coal-fire  in  the  Butler  Mine,  160. 

Coal  and  Iron  of  the  Hocking  Valley,  Ohio  (Hunt),  313.  Report  on  this  region 
in  1874,  313.  Progress  in  five  years,  313.  Cost  of  raining  coal  and  iron, 
314.     Discussion,  315. 

Coefficients  of  friction  of  lubricated  journals,  121. 

Coke,  charcoal,  and  anthracite  as  blast-furnace  fuels  compared,  33.  Coke  should 
be  made  light  and  porous,  rather  than  hard  and  ringing,  41. 

Colorado,  the  Humboldt-Pocahontas  Vein  of  Rosita,  21. 

Combination  of  iron  and  steel,  the  Wheeler  process,  79,  166. 

Combination  Trust  Company,  79. 
VOL.  VII.— 34 
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Combustion  in  the  blast-furnace  hearth,  33. 

Comstock  Mines :  Heat  of,  45.  Rapidity  of  work,  47.  Ventilation,  48.  Tem- 
perature of  water,  49.  Hot  and  cold  belts,  49.  The  Black  Dike,  50.  Rock 
usually  dry,  52.  Source  of  heat,  52,  55.  Analyses  of  the  waters,  58.  Num- 
ber of  men  employed,  65.  Observations  of  temperature  at  the  Yellow 
Jacket  Mine,  56,  59,  64.  Gaseous  currents,  61,  63.  Future  increase  of  heatj 
68.     Relation  of  temperature  to  depth,  74.     Pumping  system,  439. 

Connecticut,  catalogue  of  official  geological  reports,  464. 

Consolidated  Mines,  Cornwall,  temperature,  45. 

Construction  Account  of  the  Rail  Mill  of  the  Edgar  Thomson  Steel  Company 
(Barnes),  77. 

Copper,  effect  on  steel,  387,  408. 

Copper  oxide,  reduced  by  a  mixture  of  CO  and  COj,  443.  Reduction  from  molten 
slag  by  iron,  451. 

Copper  rocks,  the  Lake  Superior  copper  rocks  in  Penn.sylvania,  331. 

Copper  ores  considered  in  reference  to  their  applicability  to  Howe  and  Eustis's 
direct  process,  452 

Copper  smelting,  a  direct  process,  442.  Use  of  a  mixture  of  CO  and  COj  to 
reduce  copper  oxide  and  not  iron  oxide,  443.  Practice  at  Caldera,  Chili, 
445-452.     Applicability  of  the  process,  452. 

Copper  sponge,  properties,  448.     Furnace  for  melting,  449. 

Cornish  hot  mines,  45. 

Cornish  pitwork,  an  improved  system  by  Daggett,  415. 

Cornish  pumping  engine,  description,  disadvantages,  modifications,  415. 

Cornwall  Mine,  Pennsylvania,  geology,  335. 

Corundum,  the  Jenks  Mine  in  Macon  County,  North  Carolina,  83,  85  Parage- 
nesis,  views  of  Genth,  Hunt,  and  Lawrence  Smith,  86-89.  Exploration  and 
mining,  88.    Gems,  88.    Use  in  the  arts,  89.    Cost  of  mining,  dressing,  etc.,  90. 

Council,  reports  of,  41,  234. 

CoxE,  E.  B.,  Presidential  Addresses  on  Mining -Engijieering  as  a  Profession,  103. 
Secondary  Technical  Education,  217.  Note  on  a  Peculiar  Variety  of  Anthra- 
cite, 213. 

CoxE,  W.  E.  C,  Notes  on  the  Result  of  an  Experiment  with  the  Wheeler  Process 
of  Combining  Iron  and  Steel  in  the  Head  of  a  Rail,  79.  Remarks  in  discussion 
of  Dr.  Dudley's  papers  on  steel  rails,  383. 

Crane.     See  Lift. 

Crown  Point  Iron  Company,  visit  to  furnaces,  115.     To  mines,  116. 

Culsagee,  North  Carolina,  corundum  locality,  85,  87. 

Cut-off  in  the  Butler  Mine  fire,  159. 

Cut-off  for  water-pressure  blowing  engine,  344. 

Cyanite  in  chrysolite  beds  in  the  Blue  Ridge  in  North  Carolina,  86. 

Dade  Coal  Mines,  visit  to,  3. 

Daggett,  Ellsworth,  Improved  System  of  Cornish  Pitwork,  415. 

Damourite,  associated  with  chrysolite  in  Blue  Ridge  in  North  Carolina,  85. 

Delaware,  catalogue  of  official  geological  reports,  465. 

Dennis  &  Co.'s  oil  well,  McKean  County,  Pennsylvania,  319,  320. 

Deposit  of  Cadmia  in  a  Coke  Furnace  (Pirmstone),  93.  Common  occurrence  in 
Virginia,  93.  Known  as  sulphur  rings,  93.  Sulphur  fall,  93.  Dimensions 
of  furnace,  94.  Burden,  94.  Analysis  of  zinc  deposit,  97.  Furnace  work- 
ing, 97.     Metallic  zinc  escaping  through  cracks  in  the  hearth,  98. 
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Diasporc  in  chrysolite  beds  in  the  Blue  llidge  in  North  Carolina,  8G. 

Direct  Process  of  Copper  Smelting  (Howe),  442.  Radical  objections  to  previous 
direct  processes,  442.  The  use  of  a  mixture  of  CO  and  CO2  for  reduction  of 
copper  oxide,  443.  Experiments,  443-445.  Practice  at  Caldera,  Chili,  445- 
452.  Usefulness  of  the  Orsat  apparatus,  447.  Copper  sponge,  448.  Molt- 
ing sponge,  449.  Reduction  of  the  coppet  in  the  slag  by  iron,  451.  Appli- 
cability of  the  process,  452. 

Does  the  Wearing  Forcer  of  Sleel  Rails  Increase  with  the  Hardness  of  the  Steel  ? 
(DuDLKY),  202.  How  should  hardness  be  measured,  202.  Experience  of 
Pennsylvania  Railroad  with  hard  and  soft  rjiils,  208.  J.  T.  Smith's  investi- 
gation on  the  Furncss  Railway,  203.  R.  Price  Williams  on  the  permanent 
way  of  railways,  204.     Discussion,  357. 

Dover,  blast  of  Round  Down  Cliflf,  269. 

Dudley,  C.  B.,  The  Chemical  Composition  and  Physical  Properties  of  Steel  Rails, 
172.  Does  the  Wearing  Power  of  Steel  Rails  Increase  with  the  Hardness  of 
the  Steel  ?   202.     Remarks  in  discussion,  393,  400,  413. 

Drixker,  H.  S.,  The  Butler  Mine  Fire  Cut-off,  159. 

Drown,  T.  M.,  Experiments  on  the  Pemoval  of  Carbon,  Silicon,  and  Phosphorus 
from  Pig  Iron  by  Alkaline  Carbo?iaies,  146.  Note  on  the  Determination  of 
Silicon  in  Pig  Iron  and  Steel,  346. 

Dunite  dikes  in  North  Carolina,  84.     Analyses,  80. 

Edgar  Thomson  Steel  Company,  construction  account  of  rail  mill,  77.     Water 

supply,  206.     Practice,  409. 
Education  of  mining  apprentices,  217. 
Election  of  officers,  9,  236. 

Election  of  members  and  associates,  4,  114,  236. 
Electrical  deposition  of  metals  of  extreme  thinness,  92. 

Emerald  (corundum)  from  the  Jenks  Corundum  Mine,  Macon  County,  N.  C,  89. 
Emery,  A.  H.,  inventor  and    builder  of   the  United  States  testing    machine, 

257,  264. 
Empire  Mine,  68,  69.     See  Comstock  Mines. 
Egleston,  T.,  Thin  Plates  of  Metal,  91.     Remarks  in  discussion  of  Mr.  Coxe's 

paper  on  the  Wheeler  process  of  combining  iron   and  steel,  81.     Of  Mr. 

Birkinbine's  paper   on  the  production  of  charcoal,  155.      Of  Dr.  Dudley's 

paper  on  steel  rails,  371,  407. 
Epidotic  rocks  in  South  Mountain  and  on  Lake  Superior,  332,  333,  338. 
Excursions  of  the  Chattanooga  Meeting,  3,  8,  9.     Of  the  Lake  George  Meeting, 

115. 
Experiments  on  the  Removal  of  Carbon,  Silicon,  and  Phosphorus  from  Pig  Iron 

by  Alkaline  Carbonates  (Drown),  146. 
Exploring  expeditions  of  the   United  States  Government,  catalogue  of  official 

geological  reports,  455. 
Explosives  used  in  the  blast  at  Glendon,  276,  279. 
Eye-bars,  Kloman's  method  of  rolling,  328. 

Fernow,  B.,  remarks  in  discussion  of  Mr.  Birkinl)ine's  paper  on  the  produc- 
tion of  charcoal,  157. 
Fibrolite  in  chrysolite  beds  in  the  Blue  Ridge  in  North  Carolina,  86. 
Fire  in  the  Butler  Coal  Mine,  159 
FlRMSTONE,  Frank,  Indicator  Cards  frotn  a  Water-pressure  Blovnng  Engine,  339. 
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PiRMSTONE,  H.,  Note  on  a  Deposit  of  Cadmia  in  a  Coke  Furnace,  93. 

Florida,  catalogue  of  official  geological  reports,  465. 

Fly-wheels,  power  necessary  to  drive,  345,  346. 

Forests,  destruction  of  forests  for  iron  manufacture,  150. 

Forges,  capacity  in  the  United  States,  149. 

Formula  for  rails   for   Pennsylvania  Kailroad  Company,  201.     Troy  formula, 

359. 
Fort  Ticonderoga,  excursion  to,  103. 
FrazePv,  p.,  Jr.,  remarks  in  discussion  of  Mr.  Blandy's  paper  on  the  Lake  Su- 

perior'rocks  in  Pennsylvania,  336. 
Friction,  coefficients  of  friction  of  lubricated  journals,  121. 
Furnace  for  melting  copper  sponge,  449.     For  reducing  copper  ores  by  a  mixture 

of  CO  and  QO^,  446. 

Gaseous  currents  in  the  rocks  of  the  Comstock  lode.  61. 

Genth,  Dr.  F.  A.,  On  Corundum  and  Associated  Minerals,  86. 

Geological  surveys  of  the  United  States  and  Territories  and  British  North  Amer- 
ica, a  catalogue  of  official  reports,  455. 

Geology  :  Of  the  Bradford  oil  district  in  McKean  County,  Pa.,  319,  323.  Of  the 
Humboldt-Pocahontas  vein,  31,  32.  Of  the  Jenks  Corundum  Mine,  84,  89. 
Of  the  Lake  Superior  copplr  region,  333.  Of  the  South  Mountain  in  Penn- 
sylvania, 331-339.     Of  the  Sullivan  silver  district,  Maine,  350-356. 

Georgia,  a  catalogue  of  official  geological  reports,  465. 

Gerstenhofer's  system  of  manufacture  of  soda  by  the  ammonia  process,  297,  298. 

Girasol  (corundum)  from  the  Jenks  Corundum  Mine,  Macon  County,  N.  C,  89. 

Glasgow  bridge  of  Hay  steel,  392      Eye-bars  rolled  by  Kloman's  method,  330. 

Glendon,  the  great  blast,  266. 

Gold,  thin  plates  prepared  by  electrical  deposition,  92. 

Gould  &  Curry  Mine,  47,  53,  74.     See  Comstock  Mines. 

Government  geological  surveys,  a  catalogue  of  official  reports,  455. 

Granite  at  Sullivan,  Maine,  350. 

Graphite  on  west  flank  of  the  Blue  Ridge  in  North  Carolina,  83. 

Graphite  Works  at  Ticonderoga,  visit  to,  103. 

Graphitic  variety  of  anthracite,  213. 

Grease  for  lubrication,  130,  136,  138. 

Great  Blast  at  Glendo7i  (Clark),  266.  Description  of  limestone  quarry,  266. 
Research  for  precedents,  267.  Blasts  at  Holyhead,  268,  269.  At  Lime  Point, 
San  Francisco,  268.  At  Dover,  England,  268.  In  India,  269.  Turner's 
Granite  Quarry,  269.  Down  Hill,  269.  Captain  Raymond's  advice,  270. 
Survey  and  map,  270.  Mining  works,  271.  Explosives,  276.  Electrical 
experiments  and  tests,  276.  Placing  the  powder,  281.  Firing,  284.  Analysis 
of  cost  of  blast,  285,  290.     Results,  292. 

Greenhorn  Range  of  Sierra  Mojada,  22. 

Hallam,  of  Swansea,  preparation  of  thin  sheets  of  iron,  91. 

Hale  &  Norcross  Mine,  49,  53,  68-71.     See  Comstock  Mines. 

Harden,  John  Henry,  Imperfections  in  Surveying  Instruments,  308.     Remarks 

in  discussion  of  Mr.  Clark's  paper  on  shaft  surveying,  145. 
Hardness  of  steel,  195,  202,  203,  363,  371.     Determination  of  hardness,  202,  203, 

380,  386. 
Hardness  and  wearing  power  of  steel  rails,  202-205,  379,  381,  386,  388,  392,  398. 
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Hartman,  John  'iil,I)npi-oved  Tuyere  and  Pipe,  162. 

Hayden,  F.  V.,  Geological  Reports,  506. 

Heat,  effect  on  friction  of  lubricated  journals,  133.  Increase  of  heat  in  depth, 
46,  69,  74.  Radiation  of  heat  from  blast  furnaces,  GO.  Tran-smi-ssion  through 
trap  rock,  63. 

Heut  of  the  Comstock  Mines  (Chukch),  45.  Hot  mines  of  other  countries,  45. 
Increase  of  temperature  in  depth  in  different  rocks,  46,  69.  Temperature  in 
Comstock  Mines,  46.  Rapidity  of  mining  in  the  Comstock,  47.  Ventilation, 
48.  Temperature  of  water,  49.  Hot  and  cold  belts,  49.  The  Black  Dike, 
50.  Rock  u.«ually  dry,  52.  Source  of  heat,  52,  55.  Analyses  of  waters,  53. 
Amount  of  heat  withdrawn  from  rocks,  54.  Number  of  men  employed,  55. 
Temperature  observations  in  the  Yellow  Jacket  Mine,  56,  57,  64.  Calcula- 
tions of  the  amount  of  heat  radiated,  60.  Gaseous  currents  the  vehicle  for 
conveyance  of  the  heat,  61,  63.  Transmission  of  heat  through  trap  rock,  63. 
Future  increase  of  heat,  68.     Relation  of  temperature  to  depth,  74. 

Heinrich,  Os.  J.,  The  Manufacture  of  Soda  by  ike  Ammonia  Process,  294. 

Helena,  Ala  ,  excursion  to,  8 

Hematite  mines  of  Northampton  County,  Pa.,  shaft  surveying,  130. 

Hemenway  &  Co.'s  Cupper  Smelling  Works  at  Caldera,  Chili,  445. 

Herrick,  J.  A.,  Improvements  in  the  Appliances  for  Venting  Molten  Steel  from, 
a  Casting  Ladle  or  Shoe,  13.  An  Improved  Universal  Suspended  Hydraulic 
Lift,  303. 

Hocking  Valley,  Ohio,  coal  and  iron,  313.  Progress  in  the  last  five  years,  313. 
Cost  of  mining,  314.     Coking  properties  of  coal,  315.     Lack  of  water,  315. 

Hoffmann  on  the  ammonia-soda  process,  295. 

HoLLEY,  A.  L.,  The  Pernot  Furnace,  241.  The  United  States  Testing  Machine 
at  Watertown  Arsenal,  256.  Remarks  in  the  discussion  of  Mr.  Herrick's  paper 
on  a  casting  ladle,  15.  Of  Mr.  Coxe's  paper  on  the  Wheeler  process  of 
combining  iron  and  steel,  81.  Of  Mr.  Firrastone's  paper  on  a  water-pressure 
blowing  engine,  345.     Of  Dr.  Dudley's  papers  on  steel  rails,  377. 

Holyhead,  heavy  blasts  at,  268. 

Hope  Society  of  Tipton,  preparation  of  thin  plates  of  iron,  92. 

Horicon  Iron  Companj^'s  Works  at  Ticonderoga,  visit  to,  103. 

Hornblende,  associated  with  chrysolite  in  the  Blue  Ridge,  North  Carolina,  85. 

Hornos  del  Norte  Copper  Works  at  Caldera,  Chili,  445. 

Hot  mines,  45. 

Howe,  H.  M.,  A  Direct  Process  of  Copper  Smelting ,  442.  Remarks  in  discussion 
of  Dr.  Dudley's  papers  on  steel  rails,  382. 

Humboldt  Mine,  Rosita,  Colorado,  21,  25. 

Humboldt- Pocahontas  Vein,  Rosita,  Colorado  (Clark),  21.  Discovery  of  silver  in 
the  Sierra  Mojada,  211.  Geography  and  geology  of  the  Sierra  Mojada,  22. 
The  Southeast  Leviathan  Mine,  23.  The  Pocahontas,  24.  The  Humboldt, 
25.  The  Virginia,  27.  Treatment  of  ores,  30.  Character  of  vein,  31.  For- 
mation of  vein,  32. 

Hunt,  R.  W.,  remarks  in  the  discussion  of  Dr.  Dudley's  papers  on  steel  rails, 
357. 

Hunt  T.  Sterky,  The  Coal  and  Iron  of  the  Hocking  Valley,  Ohio,  313.  Remarks 
in  discussion  of  Mr.  Blandy's  paper  on  the  Lake  Superior  rocks  in  Pennsyl- 
vania, 333.     Quoted  on  corundum  and  associated  minerals,  86. 

Huronian  rocks  of  the  South  Mountain,  Pa.,  and  Lake  Superior,  334,  337,  338. 

Hydraulic  lift,  Herrick's  improved,  303. 
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Illinois,  catalogue  of  official  geological  reports,  465,  468. 

Imperfections  in  Surveying  Instruments  (Harden),  (an  enumeration  of  some  of 
the  more  common  imperfections  of  surveying  instruments,  and  descrip- 
tions of  recent  improvements,  by  tbe  writer  and  others),  308. 

Imperial  Consolidated  Mine,  49,  50.     See  Comstock  Mines. 

Imperial  Mine,  57.     See  Comstock  Mines. 

Improved  System  of  Cornish  Pitwork  (Daggett),  415.  Description  of  the  Cornish 
pump,  415.  Disadvantages,  417.  Wrought-iron  pipe  as  pump-rod,  419. 
Compared  with  pine  timber  for  strength  and  weight,  419.  Joints,  419. 
Moving-pipe  pump,  421.  Water-balance  pump,  424.  Description  of  plates, 
427.  Comparison  of  Cornish  system  with  moving-pipe  pump  and  water- 
balance  pump,  438. 

Improved  Pipe  and  Tuyere  (Hartman),  162.  Loss  of  heat  from  tuyere  pipe,  164. 
The  Witherbee  bronze  tuyere,  164. 

Improved  Uiiiversal  Suspe7ided  Hydraulic  Lift  (Herrick),  303. 

Improvements  in  the  Ajypliances  for  Venting  Molten  Steel  or  Iron  from  a  Casting 
Ladle  or  Shoe  (Herrick),  (relates  to  the  construction  and  adjustment  of  the 
stopper),  13. 

Incorporation  of  the  Institute,  6. 

Indiana,  catalogue  of  official  geological  reports,  466. 

Indicator  Cards  frotn  a  Water-pressure  Blowing  Ejigine,  xoith  a  Note  on  a  Proposed 
Improvement  in  such  Engines  (F.  Firmstone),  339. 

Indicator,  Sweet's  new  steam-engine  indicator,  16. 

Iowa,  catalogue  of  official  geological  reports,  467,  468,  52-5. 

Iron  acetate,  incidental  production  from  wood  distillation,  152. 

Iron  and  coal  of  the  Hocking  Valley,  Ohio,  313. 

Iron,  combination  with  steel,  iron-clad  steel,  the  Wheeler  process,  79-82,  166. 

Iron,  determination  of  silicon  in,  346. 

Iron  eye-bars,  Kloman's  method  of  rolling,  328. 

Iron,  preparation  of  thin  sheets  by  vai'ious  works,  91. 

Iron  wire,  annealed,  best  for  suspending  plumb-bobs,  143. 

Iron  manufacture,  charcoal  for,  149.    See  also  Blast  Furnace,  Bloomaries. 

JcflForisite,  associated  with  chrysolite  in  the  Blue  Kidge,  North  Carolina,  85. 

Jenks  Corundum  Mine,  Macon  County,  North  Carolina  (Raymond),  83.  Itiner- 
ancy, 83.  Minerals  of  the  west  flank  of  the  Blue  Eidge,  graphite,  serpen- 
tine, asbestos,  83.  Mica,  mined  three  centuries  ago,  83  Laurentian  rocks, 
84.  Dikes  or  beds  of  chrysolite  or  dunite,  84.  Analyses,  85.  Associated 
minerals,  85.  Paragenesis  according  to  Genth,  Hunt  and  Lawrence  Smith, 
86,  87.  Exploration  and  mining,  89,  90.  Cost,  90.  Gems,  88.  dse  of 
corundum  in  the  arts,  89.     Dressing,  90.     Future  of  the  Mine,  90. 

Johns  Hopkins  University,  Baltimore,  visit  to,  227. 

Jones,  W.  K.,  remarks  in  discussion  of  Dr.  Dudley's  papers  on  steel  rails, 
364,  407. 

Joseph  Dixon  Crucible  Company,  115. 

Journals,  coefficients  of  friction  of  lubricated  journals,  121. 

Julia  Mine,  51.     See  Comstock  Mines. 

Justice  Mine,  51,  74,  75.     See  Com.stock  Mines. 

Kansas,  catalogue  of  official  geological  reports,  468. 

Kempton,  C.  W.,  Sketches  of  the  New  Mining  District  at  Sullivan,  Maine,  349. 
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Kentucky,  catalogue  of  oflBciiil  geological  reports,  468. 

Kent,  "William,  remarks  in  discussion  of  Dr.  Hunt's  paper  on  the  coal  and 

iron  of  the  Hocking  Valley,  Ohio,  315.     Remarks  on  Dr.  Dudley's  papers 

on  steel  rails,  386. 
Keweenaw  rocks  of  Lake  Superior,  334. 
King,  Clarence,  reports,  504. 

Kloman's  method  of  rolling  steel  and  iron  eye-bars,  328. 
Knoxville,  Tennessee,  excursion  to,  9. 

Ladle  improved,  for  venting  molten  steel,  13. 

Lake  George  and  Lake  Champlain  Meeting,  proceedings,  101.     Papers,  119. 

Lake  Superior  Copper  Rocks  in  Pennsytvania  (Blandy),  331.  Discovery  of  Lake 
Superior  rocks  in  South  Mountain,  near  Maryland  line,  331.  Epidotic 
rocks  on  Lake  Superior  and  South  Mountain,  332.  Parallelism  of  the  two 
series  of  rocks,  332,  333.     Discussion,  333. 

Lard  oil  for  lubrication,  128,  137. 

Laurentian  rocks  in  North  Carolina,  84. 

Laurentian  slates  of  Sullivan,  Maine,  350. 

Lazulite  in  chrysolite  beds  in  the  Blue  Eidge  in  North  Carolina,  86. 

Laws  of  friction  of  lubricated  journals,  121. 

Lead  acetate,  incidental  production  from  wood  charring,  152. 

Leatitt,  E.  D.,  remarks  in  discussion  of  Mr.  Firrnstune's  paper  on  the  Long- 
dale  water-pressure  blowing  engine,  345. 

Leblanc's  soda  process  compared  with  the  ammonia  process,  294,  301. 

Lift,  improved  suspended  hydraulic  lift,  303. 

Lime  Point  (San  Francisco),  blast,  269. 

Limestone  quarry  at  Glendon,  great  blast,  266. 

Longdate  Furnace,  Virgina,  a  water-pressure  blowing  engine,  339.  Zinc  deposits 
in  throat  of  furnace,  93.     Metallic  zinc  in  hearth,  98. 

Lookout  Mountain,  excursion  to,  3. 

Louisiana,  catalogue  of  official  geological  reports,  469. 

Lubricated  journals,  coefficients  of  friction,  121. 

Lubricants  to  diminish  friction  of  journals,  121. 

McCreath,  a.  S.,  remarks  in  discussion  of  Dr.  Dudlej''s  papers  on  steel  rails, 
387. 

McKean  County,  Pennsylvania,  Bradford  oil  district,  316.     Coal,  323. 

Maci^ONald  Charles,  A  Method  of  Rolling  Steel  or  Iron  Eye-bars,  329. 

Magnetite,  TJnaka,  presence  of  zircons  in,  76. 

Maine,  catalogue  of  official  geological  reports,  470. 

Maine  Mine,  Sierra  Mojada,  23. 

Maine,  Sullivan  silver  mining  district,  349. 

Malleable  castings,  produced  by  heating  pig  iron  in  alkaline  carbonates,  148. 

Manganese,  determination  in  steel,  176.  Effect  on  steel,  194,  358,  365,  366,  379, 
381,  385,  390,  405. 

Manufacture  of  Soda  by  the  Ammonia  Process  (Heinrich),  294.  Objections  to  the 
Leblanc  process,  294.  Advantages  of  the  ammonia  process,  294.  HotTmann 
and  Roscoe  on  the  ammonia  process,  295.  Works  using  the  ammonia  pro- 
cess, 296.  Cost  of  production,  297,  298.  Favorable  localities  in  the  United 
States  for  the  process,  299.     Early  experiments  of  Vogel,  299.     Different 
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patented  systems,  299.  Importation  of  soda  into  the  United  States,  300. 
Comparisons  of  cost  of  the  old  and  new  systems,  301. 

Maps  of  the  United  States  geological  surveys  of  the  Territories,  511,  517. 

Margarite  in  chrysolite  beds  in  the  Blue  Kidge  in  North  Carolina,  86. 

Martin  steel,  the  Pernot  system,  241. 

Maryland,  catalogue  of  oflScial  geological  reports,  471. 

Massachusetts,  catalogue  of  official  geological  reports,  472. 

Metallic  sheets  of  extreme  thinness,  91. 

Metallurgical  treatment  of  the  silver  ores  at  Kosita,  Colorado,  .53.  Of  oxidized 
copper  ores  in  Chili,  445. 

Metcalf,  William,  remarks  in  discussion  of  Dr.  Dudley's  papers  on  steel 
rails,  880. 

Method  of  Rolling  Steel  or  Iron  Eye-bars  (Macdoxald),  (description  of  A.  Klo- 
man's  method  of  rolling  eye-bars  direct  from  a  billet,  without  upsetting), 
829. 

Metropolitan  Museum  of  Art  in  New  York,  oflPer  for  collections  of  the  Insti- 
tute, 229. 

Mica  on  west  flank  of  the  Blue  Eidge  in  North  Carolina,  84.  Mined  three  cen- 
turies ago,  84. 

Michigan,  catalogue  of  official  geological  reports,  473. 

Miner's  dial,  defective,  312. 

Mineral  oils  for  lubrication,  128,  137. 

Mines  on  the  Comstock  lode,  heat  of,  45. 

Mines,  brown  hematite  mines  in  Northampton  County,  Pennsylvania,  shaft 
surveying,  139. 

Mineville,  Essex  County,  New  York,  excursion  to,  115. 

Mining-Engineering  as  a  Profession,  address  of  President  Coxe  at  the  Lake  George 
Meeting,  113. 

Minnesota,  catalogue  of  official  geological  reports,  475,  525. 

Mississippi,  catalogue  of  official  geological  reports,  477. 

Missouri,  catalogue  of  official  geological  reports,  477. 

Mobile,  invitation  from  board  of  trade,  6. 

Mode  of  Combustion  in  the  Blast-furnace  Hearth  (Church),  33.  Discussion  of 
the  efficiency  of  charcoal,  coke,  and  anthracite,  38.  Comparison  of  the  Elk 
Kapids  (charcoal)  and  Fletcher  (anthracite)  furnaces,  35.  Charcoal  should 
be  lightly  burned,  42.  Coke  for  blast-furnace  use  should  be  made  like  char-' 
coal  rather  than  like  anthracite,  42.     Form  of  furnace,  43. 

Monongahela  Kiver,  purity  of  water,  206. 

Montreal,  excursion  to,  117. 

Moving-pipe  pump,  421. 

Museum  Committee,  report  of,  227. 

Nashua  Iron  and  Steel  Company's  Works,  suspended  hydraulic  lift,  303. 

Nevada,  the  Comstock  Mines,  45. 

Neville  and  Everitt,  of  Llannelly,  preparation  of  thin  plates  of  iron,  91. 

New  Brunswick,  catalogue  of  official  geological  reports,  478. 

New  Determinations  of  the  Coefficients  of  Friction  of  Lacbricated  Journals  and 
on  the  Laws  Governing  such  Friction  (Thurston),  121.  Machine  for  deter- 
mination of  these  laws,  121.  Friction  with  varying  pressures,  127.  Of 
quiescence,  130.     With  varying  velocity,  132.     With  pressure  and  velocity 
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varying  simultaneously,  133.  With  varying  pressure,  speed,  and  tempera- 
ture, 133.     Choice  of  lubricant,  130-138.     Conclusions,  136. 

Newfoundland,  catalogue  of  ofSoial  geological  reports,  479. 

New  Hampshire,  catalogue  ot  official  geological  reports,  480. 

New  Jersey,  catalogue  of  official  geological  reports,  481. 

New  York,  catalogue  of  official  geological  reports,  483. 

Nichols,  Edward,  remarks  in  discussion  of  Dr.  Hunt's  paper  on  the  coal  and 
iron  of  the  Hocking  Valley,  Ohio,  315. 

North  Carolina  :  Catalogue  of  official  geological  reports,  489.  The  Jenks  Corun- 
dum Mine  in  Macon  County,  83.  Laurentian  rocks,  84.  Zircons  in  Unaka 
magnetite,  76. 

Nova  Scotia,  catalogue  of  official  geological  reports,  490. 

Official  reports  upon  geological  surveys  of  the  United  States  and  Territories 
and  of  British  North  America,  455. 

Ohio  :  Catalogue  of  official  geological  reports,  491.  The  coal  and  iron  of  the 
Hocking  Valley,  313. 

Oil  district  of  Bradford,  Penna  ,  McKean  County,  Penna.,  316. 

Oils  for  lubrication,  121,  128,  186,  137,  138. 

Open-hearth  steel,  the  Pernot  system,  241,  251. 

Ophir  Mine,  46.     See  Comstock  Mines. 

Oregon,  catalogue  of  official  geological  reports,  493. 

Orsat  apparatus  for  analyzing  furnace  gases,  447. 

Outerbridge,  preparation  of  extremely  thin  plates  of  gold  by  electrical  deposi- 
tion, 92. 

Oxnioor,  Alabama,  excursion  to,  8. 


Pacific  Railroad  reports,  a  catalogue  of,  501. 

Paris  green,  incidental  production  in  charcoal-making,  152. 

Peculiar  Variety  of  Anthracite  (Coxe),  a  graphitic-appearing  variety  often 
thrown  away  on  account  of  supposed  impurities,  213. 

Pennsylvania  :  Bradford  oil  district,  306.  Catalogue  of  official  geological  re- 
ports, 493.  Lake  Superior  copper  rocks,  331.  Shaft  surveying  in  the  brown 
hematite  mines  of  Northampton  County,  139. 

Pennsylvania  Museum  and  School  of  Industrial  Art,  transfer  of  collections 
to,  228. 

Pennsylvania  Railroad,  investigation  on  steel  rails,  172,  203. 

Pernot  Furnace  (HoLLEYj,  241.  Outline  of  the  open-hearth  system,  241.  De- 
scription of  the  Pernot  furnace  and  hearth,  241.  Advantages  of  the  Pernot 
system,  243,  253.  Practice,  246,  247.  Dimensions,  249.  Cost,  250.  Per- 
not puddler,  250.  General  arrangement  of  the  open-hearth  plant,  251. 
Future  of  the  system,  253.     Discussion,  254. 

Petroleum  of  the  Bradford  oil  district  of  Pennsylvania,  316. 

Phosphorus  :  Determination  in  steel,  176.  Effect  on  steel,  194,  358,  365,  366,  379, 
381,  390,  405.     Removal  from  pig  iron  by  alkaline  carbonates,  146. 

Phosphorus  units,  196,  36:^,  365,  368,  374,  385,  389,  390,  397,  408. 

Physical  properties  of  steel  rails,  172,  357.     Tests  and  inspection,  199. 

Pig  iron  :  Determination  of  silicon,  346.  Effect  of  alkaline  carbonates  at  red 
heat,  146. 

Pocahontas  Mine,  Rosita,  Colorado,  21,  23,  24. 
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Port  Henry,  sessions  of  the  Institute,  115,  116.     Excursions,  115. 

Powell's,  J.  W.,  reports,  512,  518,  519. 

Prime,  Frederick,  Jr.,  A  Catalogue  of  Official  Reports  upon  Oeologieal  Surveys 
of  the  United  States  and  Territories  and  of  British  North  Am.erica,  455. 

Proceedings  of  the  Chattanooga  Meeting,  3.  Of  the  Lake  George  and  Lake 
Champlain  Meeting,  103.     Of  the  Baltimore  Meeting,  217. 

Producing  sand  of  the  Bradford  oil  region,  317,  327. 

Production  of  Charcoal  for  Iron  Works  (Birkinbine),  149.  Furnace  capacity 
in  the  United  States,  149.  Forges  and  bloomarics,  149.  Variation  in  the 
bushel,  150.  Consumption  of  wood  per  ton  of  pig  iron,  150.  Destruction 
of  forests,  150.  Mailers,  kilns,  and  retorts  compared,  151.  Products,  direct 
and  remote,  of  the  distillation  of  wood,  152,  153  Causes  of  previous  failure 
in  the  use  of  retorts,  154.     Discussion,  155. 

Paragonite  in  chrysolite  beds  in  the  Blue  Eidge  in  North  Carolina,  86. 

Pyroligneous  acid  from  distillation  of  wood,  152. 

Pyrophyllite  in  chrysolite  beds  in  the  Blue  Eidge  in  North  Carolina,  86. 

Eail  mill  of  the  Edgar  Thomson  Steel  Company,  construction  account,  77. 

Eails,  steel,  see  under  Steel.  Steel-headed  by  the  Wheeler  process,  79.  Pud- 
dled steel-headed,  80,  81,  82.     Booth  steel-capped  rails,  82. 

Kaymond,  E.  W.,  The  Jenks  Corundum  Mine,  Macon  County^  N.  C,  83.  Ee- 
marks  in  discussion  of  Dr.  flolley's  paper  on  the  United  States  testing 
machine,  265.     Of  Dr.  Dudley's  papers  on  steel  rails,  388,  406,  407. 

Eeconnoissances,  United  States  Government  reports  of,  455. 

Eeduction  of  copper  oxide  by  a  mixture  of  CO  and  COj,  443. 

Eeports  of  Council,  4,  234, 

Eeport  of  Museum  Committee,  227. 

Eeports, ^official,  of  geological  surveys  of  the  United  States  and  Territories 
and  of  British  North  America,  455. 

Eeports  of  Secretary  and  Treasurer,  5,  235. 

Eesolutions  of  thanks,  7,  116,  237. 

Result  of  an  Experiment  with  the  Wheeler  Process  of  Combining  Iron  and  Steel 
in  the  Head  of  a  Rail  (Coxe),  79. 

Ehode  Island,  catalogue  of  official  geological  reports,  498. 

Eichards's  steam-engine  indicator,  16,  17. 

Eipidolite,  associated  with  chrysolite  in  the  Blue  Eidge  in  North  Carolina,  85. 

Eoane  Iron  Company's  Works,  Chattanooga,  visit  to,  3,  9. 

Eockwood,  Tennessee,  excursion  to,  9. 

Eocky  Mountains,  catalogue  of  official  geological  reports  of  explorations,  sur- 
veys, etc.,  499. 

Eoscoe  on  the  ammonia-soda  process,  295,  300. 

Eosita,  Colorado,  the  Humboldt-Pocahontas  vein,  21,  31.    Treatment  of  ores,  30. 

Euby  from  the  Jenks  Corundum  Mine,  Macon  County,  N.  C,  88. 

Eussian  Imperial  Department  of  Mines,  gift  of  minerals,  235. 

Sapphire  from  the  Jenks  Corundum  Mine,  Macon  County,  N.  C,  88,  89. 

Savage  Mine,  53,  70,  71,  75.     See  Comstock  .Mines. 

Secondary  Technical  Education,  an  address  by  President  Coxe  at,  the  Baltimore 

Meeting,  217. 
Secretary's  and  Treasurer's  reports,  5,  235. 
Serpentine  on  the  west  flank  of  the  Blue  Eidge  in  North  Carolina,  83,  86. 
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Shaft  Surveying  in  the  Brown  Hematite  Mines  of  Northampton  County,  Penna., 

(Clark),  139. 
Shawnee  coal,  Hocking  Valley,  Ohio,  coking  properties,  315. 
Shelbey  Iron  Works,  Alabama,  visit  to,  8. 

Shinn,  W.  p.,  remarks  in  discussion  of  Dr.  Dudley's  papers  on  steel  rails,  389. 
Siemens-Martin  steel,  the  Pernot  system,  241. 

Sierra  Mojada  silver  region,  Colorado,  21,  22,  31.     Treatment  of  ores,  30. 
Silicon  :  Determination  in  pig  iron  and  steel,  176,  346.    Effect  on  steel,  194,  361, 
865,  378,  379,  397,  405.    Removal  from  pig  iron  by  alkaline  carbonates,  146. 
Silver  mining  district  of  Rosita,  Colorado,  21.     Of  Sullivan,  Maine,  349. 
Silver  ores  of  Rosita,  30.     Of  Sullivan,  350,  351,  355. 

Sketches  of  the  Mining  District  at  Sullivan,  Maine  (Kempton),  349      Situation  of 
Sullivan,  349.     Granite,  350.     Laurentian    slates,  350.     Discovery   of  the 
Sullivan  Mine,  350      Exploitation,    351.     Vein  structure,  350.     Minerals, 
351.     Dikes,  353.     Geological  sequence,  354.     Ores,  355.     Stimpson,  Brook, 
and  Ashley  shafts,  355. 
Slade,  F.  J.,  remarks  in  discussion  of  Mr.  Coxe's  paper  on  the  Wheeler  pro- 
cess of  combining  iron  and  steel  in  the  head  of  a  rail,  80. 
Sligo  Iron  Works,  preparations  of  thin  sheets  of  iron,  91. 
Smith,  David,  Chief  Engineer  United  States  Navy,  work  on  tool  steels  of  the 

United  States  Test  Board,  264. 
Smith,  General  William  Sooy,  work  on  beams  of  the  United  States  Test  Board, 

264. 
Smith,  J.  T.,  investigations  on  the  wear  of  steel  rails,  203. 
Smith,  J.  Lawrence,  on  corundum  and  associated  minerals,  87. 
Smithsonian  Institution,  offer  for  collections  of  the  Institute,  229. 
Soapstone  ou  the  west  flank  of  the  Blue  Ridge  in  North  Carolina,  83. 
Soda,  manufacture  by  the  ammonia-soda  process,  294. 
Soho  furnace,  form  of,  44. 

Southeast  Leviathan  Mine,  Sierra  Mojada,  Colorado,  23. 
Southern  States  Coal,  Iron,  and  Land  Company's  furnace  at  South  Pittsburgh, 

Tenn.,  visit  to,  3. 
South  Carolina,  catalogue  of  oflScial  geological  reports,  519. 
South   Mountain,  Pennsylvania,   copper  deposits   near   Maryland  border,   331. 

Geology,  331-339. 
South  Pittsburgh,  Tennessee,  visit  to,  3. 
Sperm  oil  for  lubrication,  128,  131,  137. 

Spinel  in  chrysolite  beds  in  the  Blue  Ridge  in  North  Carulina,  86. 
Stafford,  C.  E.,  remarks  in  discussion  of  Dr.  Holley's  paper  on  the  Pernot 

furnace,  254.     Of  Dr.  Dudley's  papers  on  steel  rails,  385. 
Steamboat  Springs,  68,  73. 
Steam-engine  indicator.  Sweet's,  16. 

Steel:   Determination  of  silicon,  176,  346.    Of  carbon,  175.     Of  manganese,  176. 
Of  phosphorus,  176.     Combinatii)n  with  iron,  the  Wheeler  process,  79,  166. 
Hay  steel,  392.     Extra  soft  Bessemer  steel,  369.     Improvements  in  appli- 
ances for  venting  molten  steel,  13.     See  Steel  Rails. 
Steel  eye-bars  rolled  by  Kloman's  method,  328. 
Steel-headed  rails,  79,  80,  81. 

Steel  rails:  Analy.sis  (methods),  175.    Analyses,  193,  204,  360,  373,  385,  391,  408, 
410.     American  and  English  practice  of  rolling  compared,  412.     Brittle- 
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ness,  196,  388,  398.  Broken  rails  not  so  frequent  as  formerlj'-,  393.  Bottom 
cast,  395,  410.  Carbon,  effect  on  steel,  194.  Chromium,  eflfeet  on  steel,  387. 
Compressed  ingots,  409.  Cohesion,  386,  388.  Crushed  rails,  177,  394.  Col'd- 
rolling  in  mills,  412.  Cold-rolling  in  use,  flow  of  metal,  372,  373.  Cold- 
straightening,  358,  368,  383.  Copper,  eflfeet  on  steel,  387,  408.  Early 
Bessemer  practice  in  England,  378.  Edgar  Thomson  practice,  409.  Wear 
of  Edgar  Thomson  rails,  368,  413.  English  and  American  practice  compared, 
412  Formula  for  rails  on  Pennsj'lvania  Kailroad,  201.  Fractures  caused 
by  broken  and  flat  wheels,  357,  370.  By  cold-straightening,  358,  368,  383. 
By  physical  defects,  358,  375.  By  overheating,  358,  366,  367,  370,  383.  Hard 
and  soft  rails  compared,  202-205,  363,  392.  Hardness,  195,  202,  369,  371,  386, 
388,  398.  Determination  of  hardness,  202,  380.  Hardeners,  195.  Hot- 
straightening,  358,  368.  Ingots  compressed  b}"^  steam,  409.  John  Brown 
steel,  analysis,  410.  Manganese,  eff'ect  on  steel,  194,  358,  362,  365,  §81.  Penn- 
sylvania Kailroad  investigations,  172.  P.R.K.  formula  for  rails,  201.  P.R.K. 
experience  with  hard  and  soft  rails,  203.  Phosphorus,  eff'ect  on  steel,  194, 
358,  365,  381,  385.  Phosphorus  units,  196,  365,  391,  397.  Phosphoric  steel, 
see  Terrenoire.  Physical  tests  and  inspection,  199,  366,  381,  should  take  pre- 
cedence of  chemical  tests,  382, 407.  Koad-bed,376,  394.  Silicon,  efl"ect  on  steel, 
194,361,365,397.  Smith  J.  T.,  investigations,  204.  Steam  compressed  ingots, 
409.  Straightening,  see  Hot  and  Cold  Straightening.  Strain  on  rails,  378, 
394.  Sulphur,  eflect  on  steel,  175,  408.  Terrenoire  practice,  365,  366, 
379,  390,  411.  Testing,  see  Physical  Tests.  Thurston's  torsional  testing 
machine,  199,  201,  366.  Troy  practice,  359.  Wear  of  Troy  rails,  360,  364. 
Wear  of  rails,  202-205,  360,  363,  364,  368,  369,  379,  383,  384,  386,  388,  392, 
409.  Eflesct  of  carbon  on  wear,  203,  363,  369,  379,  384,  392.  Williams,  J. 
Price,  investigations  on  wear  of  rails,  204. 

Sugar  of  lead,  incidental  production  in  charcoal-making,  152. 

Sullivan,  Maine,  silver  mining  district,  349. 

Sulphur,  effect  on  steel,  175,  408. 

"  Sulphur  rings,"  a  deposit  of  zinc  oxide  in  the  upper  part  of   blast  furnaces,  93. 

Surveying  instruments,  imperfections  and  improvements,  308. 

Surveying  of  shafts  in  the  brown  hematite  mines  of  Northampton  County,  Pa  , 
139. 

Surveys  of  the  United  States  and  Territories  and  of  British  North  America,  a 
catalogue  of  official  reports,  455. 

Suspended  hydraulic  lift,  303. 

Svedelius's  Charcoal-burner's  Handbook,  157,  158. 

Sweet,  John  E.,  Neio  Steatn-engme  Indicato?',  16. 

Sweet,  W.  A.,  On  Rolling  Bessemer  Steel  Kails,  412. 

Sj-racuse,  N.Y.,  salt  district  favorable  to  the  ammonia-soda  process,  279. 

Talc,  associated  with  chrysolite  in  the  Blue  Ridge  in  North  Carolina,  85. 
Tennessee,  catalogue  of  official  geological  reports,  520.     Zircons  in  Unaka  mag- 
netite, 76. 
Tennessee  River,  excursion  on,  9.. 
Temperature  in  Comstock  Mines,  46. 

Terrenoire  (high  phosphorus)  rails,  365,  366,  379,  390,  411. 
Territories,  catalogue  of  official  geological  reports,  455,  499. 
Tests  of  steel  rails,  199,  366,  381,  382,  407. 
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Testing  machine:  Thurston's  torsional  machine,  199,  201,  366.  The  United 
Sttites  testing  machine  at  "Watertown  Arsenal,  25G. 

Texas,  catalogue  of  official  geological  reports,  521. 

Thin  Plates  of  Metal  (Egleston),  91.  Malleability  dependent  on  purity,  91. 
Recent  attempts  to  prepare  thin  sheets  of  iron,  91,  92.  Thin  plates  of  iron 
by  electrical  discharge,  92.  Deposition  by  electricity,  92,  93.  Outerbridge's 
thin  plate  of  gold,  92. 

Thomson's,  Sir  "William,  experiments  on  transmission  of  heat  through  trap 
rock,  63. 

Thurston,  R.  H.,  New  Determinations  of  the  Coefficients  of  Friction  of  Lubri- 
cated Journals,  and  on  the  Latvs  Governhig  such  Friction,  121.  Work  on 
bronzes  of  the  United  States  Test  Board,  263.  Torsional  testing  machine, 
199,  201,  366. 

Ticonderoga,  visit  to,  103. 

ToRKEY,  D.,  The  Wheeler  Process  for  Welding  Iroi  uvd  Steel  without  the  Use  of 
Fluxes,  166.    Remarks  in  discu.ssion  of  Dr.  Dudley  -  papers  on  steel  rails,  381. 

Torsional  testing  machine,  Thurston's,  199,  201,  366. 

Tourmaline,  associated  with  chrysolite  in  the  Blue  Ridge  iii  North  Carolina,  85,86. 

Transit  (surveying),  defective  and  improved,  308. 

Trap  rock,  transmission  of  heat  through,  63. 

Treasurer's  and  Secretary's  reports,  5,  235. 

Treatment  of  silver  ores  of  Rosita,  Colorado,  30. 

Tresaveau  Mine,  Cornwall,  temperature,  45. 

Tripod  for  surveying  instruments,  improved,  309. 

Tungsten,  effect  on  steel,  380. 

Tuyere,  improved  tuyere  and  pipe  for  blast  furnaces,  162.  Witherbee's  im- 
proved tuyere,  164. 

Unaka  Mountains,  zircons  in  the  magnetic  iron  ore,  76. 

United  States  geological  surveys  of  the  Territories,  a  catalogue  of  official  re- 
ports, 455. 

United  States  Test  Board,  testing  machine,  256.     Work  of,  262. 

United  States  Testing  Machine  at  Watertown  Arsenal  (Hollet),  256.  Ordered 
by  United  States  Test  Board,  256.  Tests  of  delicacy  and  capacity,  256. 
A.  H.  Emery,  inventor  and  builder,  257,  264.  Cost,  258.  Importance  and 
value  of  testing  complex  structures,  260,  261.  Failure  of  appropriation  by 
Congress,  262.  Work  of  the  United  States  Test  Board,  263.  Of  A.  A. 
Blair,  263.  Of  Commander  L.  A.  Beardsley,  263.  Of  Prof.  R.  H.  Thur- 
ston, 263.  Of  Chief  Engineer  David  Smith,  264.  Of  General  William  Sooy 
Smith,  264.     Discussion,  265. 

Universal  suspended  hydraulic  lift,  Herrick's,  303. 

Upper  Forest  Tin  Works,  Wales,  preparation  of  thin  sheets  of  iron,  92. 

Ventilation  in  Comstock  Mines,  48. 

Venting  molten  steel,  improvements  in  appliances  for,  13. 

Verdigris,  incidental  production  in  manufacture  of  charcoal,  152. 

Vermont,  catalogue  of  official  geological  reports,  521. 

Virginia,  catalogue  of  official  geological  reports,  522.      Zinc  in  hematite  iron 

ores,  93. 
Virginia  Mine,  Rosita,  Colorado,  21,  27. 
Virginia  mines,  51.     See  Comstock  Mines. 
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Vogel,  experimcntfe  on  the  reaction  of  common  salt  and  carbonate  of  ammo- 
nia, 299. 

Wales,  hot  mines,  45.     Pre-Cambrian  rocks,  335. 

Water-balance  pump,  424. 

Water-pressure  blowing  engine,  indicator  cai'd  from,  339. 

Water  Sui^ily  at  the  Bessemer  Steel  Works  of  the  Edgar  Thomson  Steel  Company 
(Barnes),  (an  account  of  the  source  of  supply,  construction,  and  cost),  206. 

Wear  of  rails,  202-205,  360,  363,  364,  368,  369,  379,  383,  384,  386,  388,  392,  409. 

Webster,  N.  C,  corundum  locality,  85. 

Welding  of  iron  and  steel  without  the  use  of  fluxes,  the  Wheeler  process,  79,  166. 

West  Virginia,  catalogue  of  official  geological  reports,  523.  Salt  district  favor- 
able to  ammonia-soda  process,  299. 

Wheeler  Process  of  Welding  Iron  and  Steel  without  the  Use  of  Fluxes  (Torrey),  166. 
Boxing  or  inclosing  steel  with  plate  of  iron,  167.  Manipulation,  167,  170. 
Character  of  product,  169,  171,  172.     Applications,  171. 

Wheeler  process  of  combining  iron  and  steel,  experiment  with  a  rail,  79. 

Wheeler's,  Lieutenant  6.  M.,  reports,  513. 

Williams  &  Co.,  West  Bromich,  preparation  of  thin  sheets  of  iron,  92. 

Williams,  R.  Price,  investigation  on  the  wear  of  steel  rails,  204. 

Wisconsin,  catalogue  of  official  geological  reports,  468,  523,  525. 

Witherbee's  bronze  tuyere,  164. 

Wood  :  Consumption  of  wood  per  ton  of  pig  iron,  150.  Conversion  into  charcoal 
by  various  methods  compared,  151,  152,  155.  Products  of  distillation  in 
retorts,  152.     Causes  of  the  failure  of  retorts,  154,  155,  156. 

Wood  spirit  from  distillation  of  wood,  152. 

Woodstock,  Ala.,  furnaces  and  mines,  excursion  to,  8. 

Wottring's  brown  hematite  mine,  Northampton  County, Pa.,  shaft  surveying,  140. 

Wright,  Prof.,  preparation  of  thin  sheets  of  metals,  92. 

Wrought-iron  pipe  as  pump-rods,  418.  Compared  with  pine,  for  strength  and 
weight,  419.     Joints,  419. 

Yellow  Jacket  Mine,  46,  56,  59.     See  Comstock  Mines. 

Zinc  :  In  hematite  ores  in  Virginia,  93.    Effect  on  furnace  working,  94,  97.    De- 
posits in  upper  part  of  the  furnace,  93.     Metallic  zinc  in  the  hearth,  98. 
Zinc  oxide,  deposit  in  upper  part  of  a  blast  furnace,  93. 
Zircons  in  Unaka  Magnetite  (Blake),  76, 
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CHART  OF  COLUMNAR  SECTIONS 
Showing  the 

STRATIGRAPHICAL  POSITION  OF  THE  BRADFORD  OIL  SAND 

and  the 
THICKENING  OF  THE  POCONO  AND  CATSKILL  ROCKS  TQ  THE  SOUTH. 
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MAP  OF  PORTIONS  OF 

MC  KEAN  AND  ELK  COS  PA 

&.  CATTARAUGUS  CO.  N.  Y. 

Showing  the  relative  position  of  the 

BRADFORD   OIL    DISTRICT 

to  explorations  made  at 

SMETHPORT,  KINZUA  CREEK, 

WILCOX  &  RIDGWAY. 

1879. 
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